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Sir: 

APPEAL BRIEF 

In support of the Notice of Appeal filed January 1 1 , 201 0, and 37 C.F.R. § 
41 .37, the Appellant presents this Appeal Brief and hereby authorizes the 
Commissioner to charge any and all extensions or fees that may be required to 
Deposit Account No. 50-1662. Submitted herewith is also a request for a three 
(3) month extension of time, extending the period of time for submitting the 
Appeal Brief from March 1 1 , 201 0, to June 1 1 , 201 0. The Appeal Brief responds 
to the Final Action mailed October 14, 2009, which resulted in final rejection of 
claims 75, 77-95, 114-117, 121-132, and 134-137. 


450532.2 


PATENT 

Application No.: 10/652,745 
Attorney Docket No.: 048968-1 17961 
Via EFS-Web 

TABLE OF CONTENTS 

I. REAL PARTY IN INTEREST 1 

II. RELATED APPEALS AND INTERFERENCES 1 

III. STATUS OF THE CLAIMS 1 

IV. STATUS OF AMENDMENTS 1 

V. SUMMARY OF CLAIMED SUBJECT MATTER 1 


VI. GROUNDS OF REJECTION TO BE REVIEWED ON APPEAL 2 

VII. ARGUMENT 3 

A. Summary of Claimed Invention; Substantial Improvement in 
Killing Salmonella in Food 4 

B. Unexpected Results Submitted by the Appellant; The 
Examiner's Failure to Consider Unexpected Results Is Asserted 
to Be Error in View of MPEP 2145 5 

C. The Office Has Cited to Prior Art That Expressly 
Teaches Away and Indicates No Reasonable Expectation 
of Success; The Appellant Submits It Is Error 

for the Office to Ignore These Express Teachings Away 7 

D. The Examiner Has Not Shown a Reasonable Expectation 

of Success, as Required by MPEP 2143.02 10 

E. The Examiner Has Erred in View of MPEP 2144.09(V); 
Presumption of Obviousness Based on Structural Similarity 
Is Overcome Where There is No Reasonable Expectation 

of Similar Properties; Reversal Is Respectfully Requested 1 1 

F The Rejection of Claims 75, 77-87, 90-93, 115-11 7, 
121-122, 124-125, 127-128, 130-131, and 134-137 
under 35 U.S.C. § 103(a) over Dunn etal. (U.S. Patent 
No. 4,824,686), Blake etal. (U.S. Patent No. 2,938,053), 
Buttin (International Pig Topics), and Bland etal. (U.S. 
Patent No. 5,591,467) Is Improper 13 


ii 

450532.2 


PATENT 

Application No.: 10/652,745 
Attorney Docket No.: 048968-1 17961 
Via EFS-Web 

1 . The Group I Claims Under Rejection 

(Claims 75, 77-85, 90-93, and 134-137) 13 

2. The Group II Claims Under Rejection 

(Claims 86 and 87) 24 

3. The Group III Claims Under Rejection 

(Claims 115-117) 25 

4. The Group IV Claims Under Rejection 

(Claim 121-122, 124-125, 127-128, and 130-131) 25 

G. The Rejection of Claims 88-89 under 35 U.S.C. § 103(a) 
over Dunn etai, Blake etal., Buttin, Bland etal., and 
Pinski etal. (U.S. Publication No. 2002/0172737) Is 

Improper 26 

H. The Rejection of Claims 94-95 under 35 U.S.C. § 103(a) 
over Dunn etal., Blake etal., Buttin, Bland etal., and 
Friedman etal. (U.S. Patent No. 4,495,208) 

Is Improper 28 

I. The Rejection of Claims 114, 123, 126, 129, and 132 under 
35 U.S.C. § 103(a) over Dunn etal., Blake etal., Buttin, 
Bland etal., and Rolow etal. (U.S. Patent No. 6,355,289) 

Is Improper 28 

1 . The Group III Claims Under Rejection (Claim 

114) 28 

2. The Group IV Claims Under Rejection 

(Claims 123, 126, 129, and 132) 30 

J. Conclusion 31 

VIII. CLAIMS APPENDIX 

IX. EVIDENCE APPENDIX 

X. RELATED PROCEEDINGS APPENDIX 


iii 

450532.2 


PATENT 

Application No.: 10/652,745 
Attorney Docket No.: 048968-1 17961 
Via EFS-Web 

I. REAL PARTY IN INTEREST 

Novus International, Inc., is the real party in interest, as indicated by the 
assignments in its name, recorded at Reel 015330, Frame 0531, and Reel 
016014, Frame 0275. 

II. RELATED APPEALS AND INTERFERENCES 

The Appellant is unaware of any pending appeals or interferences that 
may directly affect or be directly affected by, or have a bearing on, the Board's 
decision in the pending appeal. 

III. STATUS OF THE CLAIMS 

Claims 75, 77-95, 114-117,121-1 32, and 1 34-1 37 are pending in this 
application. Claims 1-74, 76, 96-113, 118-120, and 133 were previously 
canceled without prejudice. Claims 75, 77-95, 1 1 4-1 1 7, 1 21 -1 32, and 1 34-1 37 
have been finally rejected by the Examiner. 

The Appellant hereby appeals the rejection of claims 75, 77-95, 114-11 7, 
121-1 32, and 1 34-1 37. In accordance with 37 C.F.R. 41 .37 (c)(1 )(viii), a clean 
copy of the claims on appeal are set forth in full in the Claims Appendix to this 
brief. 

IV. STATUS OF AMENDMENTS 

No amendments to claims 75, 77-95, 114-117,121-1 32, and 1 34-1 37 
have been filed after the final rejection. 

V. SUMMARY OF CLAIMED SUBJECT MATTER 

The present invention relates to methods for inhibiting or killing microbes 
in food, including human food, livestock food, pet food, or other animal food. 1 
The present invention relates to treating food with an organic acid composition 
comprising at least three organic acids, the organic acid composition comprising 

1 See, e.g., specification at page 1, lines 10-26. 
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2-hydroxy-4-(methylthio)butanoic acid 2 and at least two organic acids 3 chosen 
from butyric acid, 4 lactic acid, 5 and propionic acid, 6 wherein the organic acid 
composition inhibits or kills more Salmonella 7 in the food compared to when the 
food is treated with any single organic acid that forms the organic acid 


Note: the currently claimed invention recites 2-hydroxy-4- 
(methylthio)butanoic acid, which is a compound of Formula (I). 12 The 2-hydroxy- 
4-(methylthio)butanoic acid is known and referred to in the art by various 
synonymous names including HMB, HMBA, HMTBA, and also under the 
proprietary trade name Alimet®. In the patent specification, the terms Alimet®, 
HMBA, HMTBA, and 2-hydroxy-4-(methylthio)butanoic acid are used 
interchangeably. 13 


VI. GROUNDS OF REJECTION TO BE REVIEWED ON APPEAL 

A. Claims 75, 77-87, 90-93, 115-117,1 21 -1 22, 1 24-1 25, 1 27-1 28, 
130-131, and 134-137 stand rejected under 35 U.S.C. § 103(a) as 
obvious over Dunn etal. (U.S. Patent No. 4,824,686), Blake etal. 


2 See, e.g., id., at page 15, lines 16-28. 

3 See, e.g., id., at page 71 , lines 1-4, page 72, lines 6-13 
page 97, lines 23-25. 

4 See, e.g., id., at pages 106-125, including originally filed claims 3, 5, 7, 12, 13, 16, 17, 23-38, 
43, 51, 59-63, 67, 70, 111, and 112. See also pages 63-105, including Examples 4-24. 

5 See, e.g., id., at pages 106-125, including originally filed claims 3, 5, 7, 12, 13, 16, 17, 23-38, 
43, 51, 59-62, 64, 67, 70, 72, 73, 111, and 112. See also pages 63-105, including Examples 4- 
24. 

6 See, e.g., id., at pages 106-125, including originally filed claims 3, 5, 7, 12, 13, 16-22, 32-43, 51, 
58, 60, 62-65, 67, 70, 72, 73, 111, and 112. See also pages 63-105, including Examples 4-24. 

7 See, e.g., id., at pages 65-83, including Examples 6-14. 

8 See, e.g., id., at Tables 1 1-20 at pages 71-83, including Examples 6-14. 

9 See, e.g., id., at page 8, lines 18-36, page 39, lines 14-32. 

10 See, e.g., id., at table 16 at page 78. 

11 See, e.g., id., at page 36, lines 30-36, page 37, lines 1-2, page 16, lines 1-5, page 35, lines 25- 
28. 

12 See, e.g., id., at originally filed claim 6 

13 See, e.g., id., at page 36, lines 5-8. 
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(U.S. Patent No. 2,938,053), Buttin (International Pig Topics), and 
Bland etal. (U.S. Patent No. 5,591,467). 

B. Claims 88-89 stand rejected under 35 U.S.C. § 103(a) as obvious 
over Dunn etal., Blake etal., Buttin, Bland etal., and Pinski etal. 
(U.S. Publication No. 2002/0172737). 

C. Claims 94-95 stand rejected under 35 U.S.C. § 103(a) as obvious 
over Dunn etal., Blake etal., Buttin, Bland etal., and Friedman et 
al. (U.S. Patent No. 4,495,208). 

D. Claims 114, 123, 126, 129, and 132 stand rejected under 35 U.S.C. 
§ 103(a) as obvious over Dunn etal., Blake etal., Buttin, Bland et 
al., and Rolow et a/ (U.S. Patent No. 6,355,289). 

VII. ARGUMENT 

The Examiner maintains the rejections of claims 75, 77-95, 114-117, 121- 
132, and 134-137. The arguments set forth below will address each basis of 
rejection under separate subheadings, in accordance with 37 C.F.R. 
41.37(c)(1)(vii). 

The Appellant will demonstrate herein that a prima facie case of 
obviousness has not been established or, alternatively, that any prima facie case 
of obviousness has been rebutted. Among other considerations, it will be shown 
that the cited prior art has been cited out of context and does not teach or 
suggest each and every element recited in the claims. When the prior art is 
considered in its entirety, it is apparent that there would have been no motivation 
to combine or reasonable expectation of success in combining the references in 
the manner cited. Importantly, the cited references include several portions that, 
taken as a whole, lead away from the claimed invention and contradict a finding 
of obviousness. 

It will also be shown that the methods of the claimed invention yield 
unexpected and superior results, which support a finding of non-obviousness. 
The results of the claimed methods are substantially greater than the additive 
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effect of what would be expected from the sum of the individual components. 
The results of the claimed methods are also substantially greater than any of the 
individual components used at a proportionally equivalent volume. Evaluation of 
the data of record shows that the methods of the claimed invention inhibit or kill a 
substantially greater number of microbial colonies in food than otherwise would 
be expected. The evidence of record, including the expert declaration of Dr. 
Christopher Knight and Figure 7, further solidifies the unexpected results and 
nonobviousness of the currently claimed invention. 14 For the reasons detailed 
below, all pending claims are not rendered obvious by any combination of 
references as cited by the Office. 15 

For the purposes of this Appeal, claims 75, 77-95, 114-117, 121-132, and 
134-137 do not stand or fall together. The claims have been divided into four 
groups: Group I (claims 75, 77-85, 88-95, and 134-137) Group II (claims 86 and 
87); Group III (claims 1 14-1 17); and, Group IV (claims 121-132). 


A. Summary of Claimed Invention; Substantial Improvement in 
Killing Salmonella in Food 

As explained by the Appellant's specification and examples, the currently 
claimed invention is directed to a method comprising treating food with an 
organic acid composition comprising at least three organic acids, the organic acid 
composition comprising 2-hydroxy-4-(methylthio)butanoic acid and at least two 
organic acids chosen from butyric acid, lactic acid, and propionic acid, wherein 
the organic acid composition inhibits or kills more Salmonella in the food 


14 The Figure 7 identified in the Declaration shows that the claimed invention has approximately a 
10-fold improvement or more over the prior art. The blends in Figure 7 are embodied by the 
currently claimed invention (e.g. claims 127 and 128 recite variations of Blend OA6). 

15 Nearly every patented invention is comprised of elements that previously existed in the prior art. 
"However, mere identification in the prior art of each element is insufficient to defeat the 
patentability of the combined subject matter as a whole." In re Kahn, 441 F.3d 977, 986 (Fed. Cir. 
2006). Previously known components may be combined and arranged in new ways that were not 
previously foreseen or suggested, and which are patentable. As a result, precaution must be 
taken to avoid hindsight bias in evaluating whether a motivation to combine and a reasonable 
expectation of success existed at the time of filing. 
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compared to when the food is treated with any single organic acid that forms the 
organic acid composition. 

Of practical importance, the currently claimed invention offers a 
substantial improvement over the prior art and generally includes a substantial, 
exponential, and/or logarithmic improvement in killing Salmonella in food (i.e., 10- 
fold or greater). The massive improvement in killing Salmonella in food is shown 
by the experimental results of record. See, e.g., Tables 14-16 at pages 76-78 of 
the originally filed specification. Notably, the "A log reduction" in Salmonella in 
Table 17, at page 79 of the specification shows an improvement over the control 
group from 10-fold improvement to over 1000% in some of the experimental 
blends, noting that logarithmic improvement of 3.0 indicates an improvement of 
10 A 3.0= 1,000 times. 

B. Unexpected Results Submitted by the Appellant; The Examiner's 
Failure to Consider Unexpected Results is Asserted to be Error in 
view of MPEP 2145 

In addition to the experimental results shown in the specification, the 
Appellant has previously submitted additional objective evidence of non- 
obviousness, including the 37 C.F.R. § 1.132 declaration of Dr. Christopher 
Knight entered into the record, which states the currently claimed invention 
achieved significantly greater killing of Salmonella than could be achieved 
with any of the individual organic acids alone . An excerpt from item number 
four (4) from the declaration of Dr. Christopher Knight is provided below. 
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4. We have research data, that In my opinion, demonstrates surprising 
and unexpected resufts for organic acid formulations failing within the 
scope of the '434 patent claims. As an example, attached to this 
Declaration is a graph (identified as figure 7} that depicts a synergistic 
effect for two organic acid formulations of the claimed invention. With 
reference to the attached graph, data is depicted tor the antimicrobial 
activity of five different organic acid compositions against Salmonella in 
feed. The five organic add compositions include: (1) 0.45% HMT8A 
atone {i.e., 2-hydroxy-4-(methylthio}butanoie acid, which is a 
compound of Formula {(} in the '4-34 application); (2) 0.45% butyric add 
atone; (3) 0.45% lactic acid alone; (4) blend OA 4, which is 0.15% 
(actio acid, 0.15% propionic acid, and 0.15% HMTBA; and {5) blend 
OA 6, which is 0.1% iactic acid, 0.1 % butyric acid, 0.1 % propionic acid, 
and 0.15% HMTBA. The antimicrobial experiments were conducted in 
accordance with Novus's standard protocol entitled "Low pH in Feed 
Test Procedure," a copy of which is attached to this Declaration. As 
depicted in the graph, the antimicrobial activity of either Mend OA 4 or 
blend OA 6 achieved significantly higher killing of Satmomtla at Sower 
concentrations than could be achieved with any of the single organic 
acids aione. 


The above-cited declaration was executed on September 25, 2007, and entered 
into the record on September 26, 2007, following the Examiner's non-final 
rejection on March 27, 2007. The objective evidence of non-obviousness, 
including the declaration and supporting figures and data, were resubmitted and 
explained numerous times to the Examiner, including September 26, 2007, April 
1 1 , 2008 (with reference to Figure 7), March 27, 2009, and also May 26, 2009. 

The evidence, however, was improperly discounted and ignored by the 
Examiner. As stated by the Office in the Final Action mailed December 1 1 , 
2007, at page 16, lines 14-23, "The declaration under 37 CFR 1.1 32 filed by Dr. 
Christopher D. Knight is insufficient to overcome the rejection ... is not 
convincing because no data is provided for the propionic acid alone for 
comparison." The Applicant asserts this is error by the Examiner, not only 
because the declaration itself states " achieved significantly higher killing of 
Salmonella at lower concentrations than could be achieved with any of the 
single organic acids alone ," but also because the Examiner has ignored the 
experimental results in the original filed specification (e.g., page 70, lines 25-27, 
"Combinations . . . were compared to feed treated with propionic acid alone, 
and the results are shown in Figures 13-15. "). (Emphasis added). See also 
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page 81 , lines 5-9, which states, "antibacterial effect of two organic acid/Alimet 
blends were compared with blends containing formic and propionic acids, and 
with no Alimet following the procedure set forth in Example 12." More generally, 
the prior art of record also shows that propionic acid alone is ineffective at 
inhibiting Salmonella in food, and that deference should have been given to Dr. 
Knight's substantial knowledge of the industry. Finally, the Applicant also 
provided supporting data and graphs, including Figure 7, showing particular OA4 
and OA6 blends of the current invention - again indicating surprising and 
unexpected results over the prior art or any of the individual organic acids alone. 

The Examiner has thus far ignored the Appellant's evidence of 
unexpected results in violation of MPEP 2145. MPEP 2145 states, "When 
considering whether proffered evidence is commensurate in scope with the 
claimed invention, Office personnel should not require the applicant to show 
unexpected results over the entire range of properties 
possessed bv a chemical compound or composition . See, e.g., In re Chupp, 
816 F.2d 643, 646, 2 USPQ2d 1437, 1439 (Fed. Cir. 1987). Evidence that the 
compound or composition possesses superior and unexpected properties 
in one of a spectrum of common properties can be sufficient to rebut a 
prima facie case of obviousness ." (Emphasis Added). Id. 

Thus far, the Office has failed to consider the totality of differences 
between Appellant's claimed invention and the prior art, including the expert 
declaration and other objective evidence of non-obviousness. The Appellant 
respectfully asserts that the currently claimed invention is non-obvious, 
unexpected, and superior over the prior art. Reversal is respectfully requested. 

C. The Office Has Cited to Prior Art That Expressly Teaches Away 
and Indicates No Reasonable Expectation of Success; The Appellant 
Submits it Is Error for the Office to Ignore These Express Teachings Away 

In the Office Action dated December 23, 2008, at page 4, lines 16-17, the 
Examiner asserted that "Enthoven et al. teaches that 2-hydroxy-4- 
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(methylthio)butanoic acid has antimicrobial effect." As such the Examiner 
asserted that a skilled artisan would allegedly be motivated to combine 2- 
hydroxy-4-(methylthio)butanoic acid for the reason of antimicrobial effect . 
Yet, the asserted motivation to combine is not rational or related to the claimed 
invention, which is specifically directed to inhibiting Salmonella in food. Enthoven 
expressly states that 2-hydroxy-4-(methylthio)butanoic acid (also referred to as 
HMB, HMBA, or HMTBA) has no inhibitory effect on Salmonella. Specifically, the 
Enthoven abstract discloses "the results show there is no inhibitory effect of 
HMB (2-hydroxy-4-(methylthio)butanoic acid) or formic acid on Lactobacillus 
or Salmonella ." Enthoven thus teaches away from the currently claimed 
invention - a method of killing or inhibiting Salmonella in food. As such, the 
Examiner's asserted motivation to combine is flatly refuted by the 
reference to which the Examiner was citing . Simultaneously, the Enthoven 
reference also establishes that there would be no reasonable expectation of 
success to arrive at the currently claimed invention, which is directed to 
inhibiting Salmonella in food. As such, the teachings away by Enthoven support 
the Appellant's own evidence of nonobviousness, including the data shown in 
Figure 7. 

The Applicant asserts that it is error for the Examiner to ignore the 
teachings away by the prior art, particularly when they are consistent with the 
expert declaration and other evidence showing unexpected results and 
nonobviousness. Here, rather than weighing the evidence of nonobviousness 
provided by Enthoven, the Examiner merely stopped citing to the conflicting 
reference and appeared to ignore the objective evidence of nonobviousness that 
the reference provided. The Appellant respectfully asserts that MPEP 
2143.01(11) requires the Examiner to consider when one cited reference 
discredits or undercuts the basis for rejection . MPEP 2143.01(11) states, 
"The test for obviousness is what the combined teachings of the references 
would have suggested to one of ordinary skill in the art, and all teachings in the 
prior art must be considered to the extent that they are in analogous arts. Where 
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the teachings of two or more prior art references conflict the examiner 
must weigh the power of each reference to suggest solutions to one of 
ordinary skill in the art, considering the degree to which one reference might 
accurately discredit another . In re Young, 927 F.2d 588, 18 USPQ2d 1089 
(Fed. Cir. 1991)." Here, the Applicant respectfully asserts that the Board 
consider the entirety of the prosecution record, including the Enthoven reference 
which provides teachings away, undercuts the Examiner's asserted motivation to 
combine, and refutes any reasonable expectation of success for the purpose of 
inhibiting Salmonella in food. 

In addition, as provided by the MPEP, references cannot be combined 
where a reference teaches away from their combination . MPEP 2145(D)(2) 
states, "It is improper to combine references where the references teach away 
from their combination. In re Grasselli, 713 F.2d 731 , 743, 218 USPQ 769, 779 
(Fed. Cir. 1983) (The claimed catalyst which contained both iron and an alkali 
metal was not suggested by the combination of a reference which taught the 
interchangeability of antimony and alkali metal with the same beneficial result, 
combined with a reference expressly excluding antimony from, and adding iron 
to, a catalyst.)." In the present case, Enthoven states that neither HMTBA nor 
formic acid is effective at inhibiting Salmonella, but the Examiner is combining 
references exactly for that purpose - to kill Salmonella in food. Accordingly, the 
Examiner is citing references in violation of MPEP 2145. Nothing of record 
shows that HMTBA is effective against Salmonella in food, and the Examiner has 
thus far failed to identify a reason with a rational underpinning to make the 
alleged combination. 

Whereas the Examiner does not utilize the Enthoven reference in making 
the current rejections under § 103, the Examiner fails to consider that Enthoven 
discredits and undercuts the current basis for rejection. The fact that Enthoven is 
prior art of record that expressly teaches away is highly relevant to the current 
issues under appeal. In particular, the Enthoven reference is respectfully 
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asserted by the Appellant as evidence that the rejection under § 103 is without 
merit. Reversal is respectfully requested. 

D. The Examiner Has Not Shown a Reasonable Expectation of 
Success, as Required by MPEP 2143.02 

The evidence of record, including the Enthoven reference discussed 
above, show that a number of organic acids are individually ineffective at 
inhibiting Salmonella in food. None of the references cited by the Examiner 
provide guidance as to which organic acids combinations would provide a 
reasonable expectation of success against Salmonella in food. None of the 
references, whether considered alone or collectively, provide guidance as to 
which organic acids combinations would provide the unexpected results against 
Salmonella in food that is achieved under the currently claimed invention. 

To reject a claim under § 103, MPEP 2143.02 requires a reasonable 
expectation of success to arrive at the currently claimed invention . In light 
of the Supreme Court's instruction in KSR, the Federal Circuit has stated that, 
"rtlo the extent an art is unpredictable, as the chemical arts often are, 
KSR's focus on 'identified, predictable solutions' may present a difficult 
hurdle because potential solutions are less likely to be genuinely 
predictable " Eisai Co. Ltd. v. Dr. Reddy's Labs., Ltd, 533 F.3d 1353, 1359 (Fed. 
Cir. 2008). (Emphasis Added). Importantly, an obviousness determination 
requires that a skilled artisan would have perceived a reasonable expectation of 
success in making the invention in light of the prior art. In the present 
circumstance, the Examiner has failed to make an adequate or sufficient finding 
of fact regarding a reasonable expectation of success. 

Moreover, since the Appellant has provided evidence of unexpected 
results and unpredictability, the threshold required to establish reasonableness is 
asserted to be higher for the currently pending claims. In the present case, the 
Examiner has failed to meet the reasonableness standard with regard to 
unpredictable arts. See In re Kubin, 561 F.3d 1351, 1360 (Fed. Cir. 2009). 
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MPEP 2144.08(e) states, " If the technology is unpredictable , it is less likely 
that structurally similar species will render a claimed species obvious because ]t 
may not be reasonable to infer that they would share similar properties . 

See, e.g., In re May, 574 F.2d 1082, 1094, 197 USPQ 601, 611 (CCPA 1978)." 
Here, in view of the foregoing (e.g., Enthoven), the Appellant has shown there 
was considerable unpredictability in the prior art regarding antimicrobial 
compositions and the inhibition of Salmonella in food. Reversal is respectfully 
requested. 

E. The Examiner Has Erred in View of MPEP 2144.09(V); 
Presumption of Obviousness Based on Structural Similarity is Overcome 
Where There is No Reasonable Expectation of Similar Properties; Reversal 
is Respectfully Requested 

In the Final Action issued October 14, 2009, at page 5, lines 14-17, the 
Examiner states, "It would have been obvious to a person of ordinary skill in the 
art at the time of invention to add organic acids such as lactic acid, butyric acid to 
the preservative composition taught by Dunn et al. because Bland et al. teaches 
that lactic acid, butyric acid has antimicrobial activity ." (Emphasis Added). The 
prosecution history, however, demonstrates that antimicrobial activity is 
unpredictable with respect to different microbes, including Salmonella in food. 
The Enthoven reference specifically undercuts the Examiner's assumption that 
all antimicrobials/antibiotics are effective against Salmonella in food. 
Accordingly, the Examiner has failed to show a reasonable expectation of 
success against Salmonella in food - as specifically recited bv the 
currently claimed invention . 

For the Examiner's broad interpretation of "antimicrobial activity " to be 
pertinent to the currently claimed invention, there would have to be a reasonable 
expectation of similar properties against Salmonella in food. In the present case, 
such a reasonable expectation of success has not been shown, has been refuted 
by the Applicant, and has been discredited by the prior art (i.e., Enthoven). The 
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Applicant respectfully asserts that a prima facie case of obviousness has not 
been made. 

MPEP 2144.09(V) recites that, "the presumption of obviousness based on 
structural similarity is overcome where there is no reasonable expectation of 
similar properties . . . See In re May, 574 F.2d 1082, 197 USPQ 601 (CCPA 
1978) (appellant produced sufficient evidence to establish a substantial degree of 
unpredictability in the pertinent art area, and thereby rebutted the presumption 
that structurally similar compounds have similar properties); In re Schechter, 205 
F.2d 185, 98 USPQ 144 (CCPA 1953). See also Ex parte Blattner, 2 USPQ2d 
2047 (Bd. Pat. App. & Inter. 1 987)." The facts in the present case are similar to 
those described in the MPEP, wherein there would be a substantial degree of 
unpredictability in the art. As such, the Examiner's presumption that all organic 
acids or antimicrobials have similar properties against Salmonella in food is 
mistaken and should be reversed. 

MPEP 2144.09(VII) states, "A prima facie case of obviousness based on 
structural similarity is rebuttable by proof that the claimed compounds possess 
unexpectedly advantageous or superior properties. In re Papesch, 315 F.2d 381 , 
137 USPQ 43 (CCPA 1963) . . . In re Wiechert, 370 F.2d 927, 152 USPQ 247 
(CCPA 1967) (a 7-fold improvement of activity over the prior art held sufficient to 
rebut prima facie obviousness based on close structural similarity)." Thus, the 
MPEP recognizes that a 7-fold improvement of activity may be sufficient to rebut 
prima facie obviousness based on structural similarity. In the present case, the 
Applicant has submitted evidence of a 10-fold improvement or greater, which has 
thus far been ignored by the Office. 

In the present case, the objective evidence of record shows substantial 
improvement, unexpected results, and superior properties over the prior art. The 
Examiner has cited no rebuttal evidence. Importantly, the Enthoven specifically 
undercuts the Examiner's assumption that all antimicrobials/antibiotics are 
effective against Salmonella in food. This undercuts the Examiner's contention 
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that all antimicrobials/antibiotics inherently perform this function or are 
predictable in this capacity. Reversal is respectfully requested. 

F. The Rejection of Claims 75, 77-87, 90-93, 115-117, 121-122, 124- 
125, 127-128, 130-131, and 134-137 under 35 U.S.C. 103(a) over Dunn et al., 
Blake et al., Buttin, and Bland et al. is Improper 

1. The Group I Claims Under Rejection (Claims 75, 77-85, 90-93, 
and 134-137) 

Claim 75 is representative of the Group I claims. Claim 75 is directed to a 
method of inhibiting or killing Salmonella in food. The method comprises treating 
the food with an antimicrobial composition. The antimicrobial composition 
comprises 2-hydroxy-4-(methylthio)butanoic acid and at least two organic acids 
chosen from butyric acid, lactic acid, and propionic acid. The organic acid 
composition inhibits or kills more Salmonella in the food compared to when the 
food is treated with any single organic acid that forms the organic acid 
composition 

The Final Action cites to Dunn et al., Blake et al., Buttin, and Bland et al. 
as allegedly disclosing one or more organic acids. Specifically, the Final Action 
at page 3, lines 7-9, asserts that "Dunn et al. teaches a method of killing 
microbes in animal feed such as pig feed, cattle feed, or poultry feed comprising 
treating animal feed with a binary blend of formic acid and propionic acid 
(preservative composition)." At page 4, lines 4-5, of the Final Action, the 
Examiner admits that, "Dunn et al. do not teach the employment of 2-hydroxy-4- 
(methylthio)butanoic acid in the preservative compositions therein." (Emphasis 
Added). The Examiner also admits at page 4, lines 6-7, "The prior art references 
do not specifically teach the employment of organic acids such as lactic 
acid, butyric acid ." Finally, the Examiner admits at page 4, lines 8-9, "The prior 
art references do not teach the particular amounts of 2-hvdroxv-4- 
(methylthio)butanoic acid, lactic acid, butyric acid . Despite these failings in 
the prior art, the Examiner asserts that, "Blake et al., teaches that Alimet, 2- 
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hydroxy-4-(methylthio)butanoic acid has antimicrobial activity, antifungal activity 
and thus on mixing Alimet (2-hydroxy-4- (methylthio)butanoic acid) with food kills 
microbes." Buttin et al. is further asserted to teach that in addition to providing a 
methionine source to food pH and provide relatively strong acid effect with a pKa 
of 3.6 (formic acid pKa = 3.75). Bland et al. is finally asserted to teach that 
organic acids such as formic acid, propionic acid, butyric acid, lactic acid have 
antibacterial properties and kill bacteria in solution . (Emphasis Added). 

The alleged motivation to combine the cited references, as provided by 
the Examiner at page 5 of the Final Action is asserted as follows: "It would have 
been obvious to a person of ordinary skill in the art at the time of invention to add 
2-hvdroxv-4-(methv1thio)butanoic acid to the preservative composition 
taught by Dunn et al. because Blake et al. , teaches that 2-hydroxy-4- 
(methylthio)butanoic acid is an effective nutrient in poultry feed , and Blake et 
al., Buttin et al. teaches that 2-hydroxy-4-(methylthio)butanoic acid has 
antimicrobial activity ." 

a. The Examiner Fails to Make a Prima Facie Case of 

Unpatentability under § 103; All Claim Limitations Not 
Taught or Suggested 

Collectively, the Examiner has cited to references that show organic acids 
being generally antimicrobial, without regard to which combinations, if any, are 
successful at inhibiting a specific microbe, Salmonella in food. The currently 
claimed methods require using "2-hydroxy-4-(methylthio)butanoic acid and at 
least two organic acids chosen from butyric acid, lactic acid, and propionic 
acid," for inhibiting or killing Salmonella in food . Although two organic acids 
from this group are required, the Examiner admits that, " The prior art 
references do not specifically teach the employment of organic acids such 
as lactic acid, butyric acid " 

In the Final Action at page 6, lines 21-22, and page 7, lines 1-2, the 
Examiner asserts that, "Further, it is pointed out that Dunn et al. teach that the 
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mixture of formic acid, and propionic acid is a more potent inhibitor of salmonella 
infections than formic acid alone i.e. mixtures of organic acids is more potent 
than using a single organic acid." (Emphasis Added). The Appellant respectfully 
object to this comparison and conclusion by the Examiner because formic acid 
has no inhibitory effect against Salmonella - it is a false comparison. Per 
Enthoven, "[T]he results show there is no inhibitory effect of HMB (2-hydroxy-4- 
(methylthio)butanoic acid) or formic acid on Lactobacillus or Salmonella." It is 
not obvious to combine acids which are thought to have no inhibitory 
effect against Salmonella for the purpose of inhibiting Salmonella in food. 
None of the references cited by the Examiner indicate that HMBA, formic acid, 
lactic acid, or butyric acid is effective against Salmonella in food, as required by 
the currently pending claims. In fact, the Enthoven reference, as discussed 
above, teaches away from the Examiner's assumption that all organic acids have 
the same properties with regard to Salmonella. 

As an additional matter, the Examiner has made no finding whatsoever 
regarding the claim limitation that the "composition inhibits or kills more 
Salmonella in the food compared to when the food is treated with any single 
organic acid that forms the organic acid composition." The Examiner has also 
repeatedly failed to consider the claimed invention "as a whole," as required by 
the statutory language of § 103. Accordingly, it is respectfully submitted that the 
Examiner has failed to teach or suggest all claim limitations, as required under 
§ 103. Reversal is respectfully requested. 

b. The Examiner's Asserted Motivation to Combine 

References Lacks a Rational Underpinning 

The Examiner's asserted basis for combining references is that HMTBA is 
a nutrient and that organic acids are generally known or assumed to have some 
antimicrobial properties. The Appellant respectfully asserts that this reason to 
combine is overbroad, lacks a rational underpinning, and is contrary to the prior 
art of record as exemplified by Enthoven. If the claimed organic acids are known 
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to be ineffective against a particular microbe, such as Salmonella (See 
Enthoven), then there is no rational motivation to combine them for the claimed 
method of use. In the present case, the prior art and the Examiner admitted that 
there are no specific teachings regarding a number of the claimed organic acids 
and Enthoven teaches away regarding HMTBA. Importantly, every organic acid 
combination recited in the claims requires HMTBA. Next, one of skill in the art 
would appreciate that there is a high degree of unpredictability regarding the 
chemical arts, and that the addition or subtraction of an individual ingredient may 
substantially alter the properties of the overall organic acid blend. Reversal is 
respectfully requested. 

c. The Examiner's Asserted Combination Fails to Provide a 

Reasonable Expectation of Success 

In view of the foregoing comments and arguments, which are hereby 
incorporated and reasserted, the Appellant respectfully asserts that the Office's 
asserted basis for rejection provides no reasonable expectation of success in 
arriving at the currently claimed invention. In particular, the Office fails to identify 
which combinations of organic acids, if any, are effective at killing Salmonella in 
food. The identification of separate ingredients in different prior art references, 
without regard to whether they are the critical ingredient or effective at killing 
Salmonella on their own, is an insufficient basis for rejection under § 103. 

There may be an infinite number of food additives that could potentially be 
used to modify the microbial characteristics of a food composition. There is no 
indication in the prior art, however, which additives or combination of additives 
are critical at inhibiting or killing Salmonella in food. This is particularly true since 
the Ivey reference 16 (col. 6, lines 8-10), has shown that some microorganisms 
may grow and thrive in acidic environments, including those containing Alimet 
and propionic acid. Reversal is respectfully requested. 

16 The Ivey reference was cited by the Office in the Final Office Action mailed December 1 1 , 
2007, as well as the Non-Final Office Action mailed March 27, 2007. 
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d. Blake ef al. ("Blake") Teaches Away; Blake Describes 

Methionine Analogues Not Useful as Animal Food 
Supplements 

The Final Action's reliance on the Blake patent is also misplaced. The 
passages cited and relied on by the Office (i.e., Blake ef al., at col. 1 , lines 39-41) 
does not actually refer to 2-hydroxy-4-(methylthio)butanoic acid but to new 
chemical variants with substantially different molecular structure and function. 

"Other methionine analogues differ considerably 
from the natural methionine in molecular 
structure and because of the unnatural configuration 
are not useful as animal feed supplements . Many 
of these are absorbed by the plant and animal 
structures and have toxic effects due to the inability 
of the organism to assimilate the analogue . . . Thus 
many of the new compounds are useful as fungicides, 
bactericides, virus control agents [etc.]" 17 

Even though the new compounds are deadly to microorganisms, the Blake 
patent teaches awav from use of these variants in animal food and water by 
reciting they are " not useful as animal feed supplements " and " have toxic 
effects ." (Emphasis Added). Even if these toxic chemicals could theoretically be 
regulated as applied to the surface of plants or animals to remove certain 
microorganisms, the Blake patent provides no teachings for how these 
variant chemicals could be ingested or combined with food supplements . 
Therefore, these toxic analogues are considerably different from the previously 
known animal feed additives and methionine derivatives. Blake fails to provide 
the necessary teachings as relied upon by the Final Action, and teaches away 
since the new compounds are not useful for animal feed supplements. More 
importantly, Blake does not disclose or suggest the use of the presently claimed 
HMTBA, a methionine derivative. 


17 See, e.g., Blake et al. at col. 1, lines 31-42. 
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e. Bland et al. ("Bland") Teaches Away; Organic Acids Are 

Not Effective At Killing Bacteria in Foodstuffs Without 
Formaldehyde 

The Office relies on Bland to support that the animal feed composition[s] 
comprise antibacterial agents formic acid, propionic acid, lactic acid. 18 Although 
the cited animal feed compositions do include these ingredients, Bland et al. 
states that the ingredients are not effective at killing bacteria in animal feedstuffs, 
including Salmonella. 


TMlanv compounds with known bacteriocidal 
properties , such as lactic acid, propionic acid, formic 
acid, butyric acid, sorbic acid, benzoic acid and 
combinations of these have been tested. While many 
of these agents kill bacteria in solution, they do not 
kill all the bacteria in animal feedstuffs . Woolford, 
M. K., "Microbiological Screening of Food 
Preservatives, Cold Sterilants and Specific 
Antimicrobial Agents as Potential Silage Additives", J. 
Sci. Ed. Agric. 1975, 26, 229-237. To be effective 
against Salmonella, a bacteriocidal treatment 
must kill essentially all of the bacteria . Methods 
that kill 95% or even 99% are largely ineffective 
because the residual bacteria can multiply rapidly and 
recontaminate the feedstuff, and eventually the entire 
processing facility." 19 

"A prior art reference must be considered in its entirety, i.e., as a whole, including 
portions that would lead away from the claimed invention." 20 Taken in context, 
Bland actually teaches that the required key ingredient for a bactericidal 
composition is formaldehyde . (Emphasis Added). As such, it is respectfully 
asserted that the Office cannot merely show that certain components are 


18 See, e.g., Final Action at page 4, lines 19-21. 

19 See, e.g., Bland ef al. at col. 2, lines 20-34. (Emphasis Added). 

20 See, e.g., MPEP § 2141 .02; W.L Gore & Associates, Inc. v. Garlock, Inc., 721 F.2d 1540 (Fed. 
Cir. 1983). 
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effective in solution, if they are not effective at killing Salmonella in food, as 
required by claim 75. 

"[S]uch treatments fail to eliminate the Salmonella 
effectively when too little formaldehyde is used or 

when the solution is not sprayed uniformly onto the 
feedstuff, thereby allowing some small number of 
bacteria to survive and multiply." 21 

Because one of skill in the art would view all embodiments of the Bland patent to 
expressly or implicitly require formaldehyde in order to successfully inhibit or kill 
microbes in food compositions, the Bland reference may be said to teach away. 
The currently claimed invention does not recite or require any formaldehyde. 
Consequently, Bland provides no expectation of success for using organic acids 
without the addition of large amounts of formaldehyde. 

f. The Buttin Reference is Cited Out of Context 

The Buttin reference indicates that there is greater weight gain in pig diets 
having DL-HMB instead of DL-methionine as a protein source. There is no 
statement regarding DL-HMB having an antimicrobial effect on any specific 
microbe or microbes generally. The Buttin references states that, "The recent 
ban on antibiotic growth promotants has dramatically reinforced interest in the 
benefits of diet acidification." However, this fails to indicate that HMBA, or any 
other acid that contributes to acidification, is effective against any particular 
microbe or Salmonella in particular. The Appellant respectfully asserts that the 
Examiner has cited Buttin out of context. 

g. In re Kerkhoven Does Not Properly Apply 

Due to the contradictory teachings of the prior art as indicated above, the 
Office's reliance on In re Kerkhoven, 626 F.2d 848 (CCPA 1980) in the Final 


21 See, e.g., Bland etal. at col. 2, lines 39-43. 
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Action is misplaced. To reiterate, none of the currently cited reference discloses 
or suggests the use of HMTBA as an antimicrobial effective against Salmonella 
in food, as presently claimed. Every currently pending claim recites HMTBA as 
part of a method of killing or inhibiting Salmonella in food. 

In re Kerkhoven was cited on the belief that the cited references show 
antimicrobial agents that are useful for the same purpose. However, close 
evaluation of the cited prior art has revealed that these teachings do not exist or, 
alternatively, that the individual components are ineffective or insufficient for the 
purposes of the currently claimed invention - killing or inhibiting Salmonella in 
food. In a number of instances, it has been shown that the prior art actually 
teaches away from the claimed methods. For example, Enthoven states that 
HMBA is ineffective at inhibiting Salmonella. While Blake describes variants of 
methionine with toxic effects, these particular chemicals are recited as 
unacceptable for animal food. Finally, Bland teaches away by reciting that 
several organic acids are bacteriocidal in solution, but are insufficient at killing 
bacteria in feedstuffs without large amounts of formaldehyde. As such, the 
currently claimed invention is not taught or suggested by the prior art, and In re 
Kerkhoven does not properly apply. 

h. Previously Submitted Evidence Supports a Finding of 

Non-Obviousness 

The Declaration of Dr. Knight under 37 C.F.R. §1 .1 32 shows that the 

individual organic acids are inadequate for the limitations of the claimed 

invention. The following passage from the Declaration states that the methods of 

the claimed invention also demonstrate unexpected results. 

"... [w]e have research data, that in my opinion, 
demonstrates surprising and unexpected results 
for organic acid formulations falling within the 
scope of the '434 patent claims . As an example, 
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attached to this Declaration is a graph (identified as 
figure 7) that depicts a synergistic effect . . ," 22 

Also, every organic acid recited in claim 75, when tried alone, was not effective at 
killing Salmonella in food. As such, the Declaration is evidence that further 
supports allowance of the presently pending claims. 

In addition to the Declaration of Dr. Knight, the Appellant also previously 
submitted the Warnecke et al. review article as part of the response to the non- 
final Office Action mailed March 27, 2007. 23 The Warnecke et al. review article 
cites to work done pre-filing to which a skilled artisan would appreciate as 
indicating unpredictability in the microbial arts. Thus, the general state of 
knowledge in the microbial arts at the time of filing supports the notion that a 
random selection of organic acids would be unpredictable for the purpose of the 
currently claimed invention. The Warnecke etal. review article exemplifies this 
unpredictability, and reveals that many microorganisms may live and thrive in 
acidic environments. 24 Individual organic acids uniquely, and at times 
unpredictably, impact microbe cell growth, regulatory pathway, turgor pressure, 
and cell landscape. 25 Every organic acid may potentially cause a unique 


22 37 C.F.R 1.132 Declaration of Dr. Christopher Knight, at paragraph 4, a copy of which was 
submitted with the response to the Office Action dated March 27, 2007. (Emphasis Added). 

23 A copy of the Warnecke ef al. review article was submitted to the USPTO on September 26, 
2007, as part of the response to the non-final Office Action mailed March 27, 2007. 

24 Warnecke, T., and Gill, R., Microbial Cell Factories (2005) 4:25, a copy of which was submitted 
with the response to the Office Action dated March 27, 2007. 

25 Id. For example, see the third page, column two of the article, which states: 

Organic acid anions affect cell growth in a variety of manners. Increased anion concentration 
has been shown to lead to an increased transport of potassium ions into the cell, which increases 
turgor pressure [47,481. To maintain a constant turgor pressure and cell volume, glutamate is 
transported out of the cell [48]. This transport activity concomitantly disrupts the osmolarity of the 
cytoplasm, which in turn lowers the cell's growth potential and viability. In addition to this general 
anion effect, there are also effects specific to each organic acid. It has been proposed that 
enzymes involved in protein synthesis are sensitive to a combination of two unrelated 
mechanisms, including the acidification of pHi and the formation of an anionic pool [35]. Although 
this finding implies that the organic inhibition due to the anion pool could be acid specific , 
the details describing this dual inhibition mechanism remain unclear. Kirkpatrick et al. reported 
proteins exhibiting increased expression in response to extracellular acetate [33]. Among these 
are the OppA transporter, RpoS regulon, several amino acid uptake proteins, DNA binding 
proteins, and extreme-acid preiplasmic chaperones. Interestingly, when formate was introduced 
in place of acetate the expression of the previously mentioned proteins was repressed, 
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response by an individual microorganism. Additionally, the degree of 
bioavailability (i.e., ability to reach the target microbe) varies for different organic 
acids, and different microbes are resistant to different pH ranges. With this 
degree of unpredictability, a skilled artisan empowered with the cited prior art and 
the general knowledge of the microbial arts would not have a reasonable 
expectation of success in combining references as indicated by the Final Action. 

"Evidence rebutting a prima face case of obviousness can include: 
'evidence of unexpected results,' [and] evidence 'that the prior art teaches away 
from the claimed invention in any material respect' . . . When a patent applicant 
puts forth rebuttal evidence, the Board must consider that evidence." 26 In the 
present case, the Appellant has previously submitted substantial evidence of 
unexpected results to rebut a finding of obviousness. While synergism is not a 
requirement of non-obviousness, 27 it has been shown that synergism and 
unexpected results exist in the present case. The combination of the claimed 
invention is greater than the additive effect of what would be expected from the 
sum of the individual components. In fact, as exemplified in Figure 7, none of the 
recited organic acids in claim 75 were effecting at killing Salmonella in food. 
When synergism is present, particularly in a chemical case, it is indicative of non- 
obviousness. 28 

The data of record shows that the combination of the claimed invention 
kills a substantially greater number of microbial colonies, as compared to the 
organic acids tested. For example, in Figure 7 that accompanied the Declaration 
of Dr. Knight, Blend OA 4 and Blend OA 6 were shown to have approximately a 
10-fold improvement compared to any of the single organic acid compositions 
tested at equivalent volumes. Blends OA 4 and OA 6 are embodied by the 


indicating that the response was anion specific . This finding introduces new challenges in 
addressing organic acid tolerance. Specifically, it highlights the need to engineer both pH and as 
well as specific anion tolerance into host organisms. (Emphasis added). 

26 See, e.g., In re Sullivan, 498 F.3d 1345, 1351 (Fed. Cir. 2007) (internal citations omitted). 

27 Gardner v. TEC Sys. Inc., 725 F.2d 1338, 1349 (Fed. Cir. 1984) (en banc). 

28 Stratoflex, Inc. v. Aeroquip Corp., 713 F.2d 1530, 1540 (Fed. Cir. 1983). 
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currently claimed invention. By way of example, claims 127 and 128 specifically 
recite the composition of Blend OA 6. 

Among other considerations, the previously cited Ivey reference 29 provides 
evidence that propionic acid in combination Alimet does not reliably inhibit or kill 
microbes in food or water. In the non-final Office Action mailed March 27, 2007, 
the Examiner originally asserted at page 5, lines 4-7, that "Ivey's method 
inherently inhibits or kills microbes in a subject such as poultry feed, since the 
method steps are same as the instant method steps, mixing the same compound 
in the same effective amount to the same subject will cause the same effect, 
whether or not that effect is specifically disclosed by the prior art." (Emphasis 
Added). However, it was later identified by the Applicant that Ivey's 
methods are not inherently antimicrobial, since the Ivey composition is 
used to deliver a probiotic or microbial to the animal . See, e.g., Appeal Brief 
Filed September 10, 2008, at pages 8-9 (below excerpts taken from previously 
filed Appeal Brief)." 

"TM High moisture solid of the present invention, 
therefore, may be used as a vehicle to administer 
direct-fed microbials to poultry and other animals. 
When used for this purpo.se, the high molsture;:.soiid 
should contain sufficient colony forming units of 
the yeast or bacte r ium to , be of be nefit to the 
animal* 21 *" 

'The present invention is also directed to a 
composition and. process for inoculating poultry and 
other animals with living cells such as yeast or 
bacteria '' 22 

^ See t; e,g„ ivey et at at col 6, lines 8-1 9. (Emphasfs.Added). 
■ See, e.a. id. at cot. 2. lines 65-67. {'emphasis Added \. 


29 The Ivey reference was cited by the Office in the Final Office Action mailed December 1 1 , 
2007, as well as the Non-Final Office Action mailed March 27, 2007. 
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Similarly, the previously cited Bland reference states that ". . . many 
compounds with known bacteriocidal properties, such as . . . propionic 
acid . . .and combinations of these have been tested. While many of these 
agents kill bacteria in solution, they do not kill all the bacteria in animal 
feedstuffs. " 30 Therefore, the general state of the art supports the non- 
obviousness evidence submitted by the Appellant. Finally, previously submitted 
data shown in Figure 7, including a comparison between propionic acid and 
HMTBA, indicated that propionic acid alone is ineffective for the purposes of the 
claimed invention. 31 Again, because the provided evidence and experimental 
results shows that each individual organic acid was not effective at killing or 
inhibiting Salmonella in food, the currently claimed invention combination of 
elements is both surprising and unexpected over the prior art. As such, the 
evidence of record plainly shows that the currently claimed invention is, as a 
whole, non-obvious. Reversal is respectfully requested. 

2. The Group II Claims Under Rejection (Claims 86 and 87) 

Claim 86 is representative of the Group II claims under rejection. Claim 
86 is directed to a method of killing Salmonella in food. The method comprises 
treating the food or water with an antimicrobial composition, and feeding to a 
ruminant animal . (Emphasis Added). The antimicrobial composition comprises 
2-hydroxy-4-(methylthio)butanoic acid and at least two organic acids chosen from 
butyric acid, lactic acid, and propionic acid. The organic acid composition inhibits 


30 See, e.g., Bland ef al. at col. 2, lines 20-34. (Emphasis Added). 

31 The comparison between propionic acid and HMTBA for Salmonella was previously submitted 
by the Appellants and entered into the record pursuant to 37 C.F.R. §1.1 16(e). The Advisory 
Action mailed May 14, 2008 indicated that the request for reconsideration had been considered 
and made of record, even though the specifically requested claim amendments were not 
permitted. Furthermore, the Appellants had good and sufficient reasons why the affidavit was 
necessary and was not earlier presented, since the Examiner had specifically stated that "HMTBA 
is not convincing because no data is provided for the propionic acid alone for comparison." See, 
e.g., Final Action at page 16, lines 22-23. As such, the recited evidence was properly entered 
into the record. 
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or kills more Salmonella in the food compared to when the food is treated with 
any single organic acid that forms the organic acid composition 

The arguments asserted above are hereby incorporated reasserted with 
respect to claims 86 and 87. In particular, the cited references have been 
previously shown above to teach away from the currently claimed invention, 
provide no motivation to combine, and give no expectation of success regarding 
inhibiting or killing Salmonella in food. More specifically, the cited art 
combination provides no motivation to combine and no expectation of success 
with particular regard to ruminant animals. (Emphasis Added). Reversal is 
respectfully requested. 

3. The Group III Claims Under Rejection (Claims 115-117) 

Claim 116 is representative of the Group III claims under rejection. Claim 
1 15 is directed to a method of killing Salmonella in food as recited in Claim 75 
(as discussed above), but additionally requires the composition having a pH of 
about 4 to about 5. 

The arguments asserted above) are hereby incorporated and reasserted 
with respect to claims 115-117. In particular, the cited references been 
previously shown to teach away from the currently claimed invention, provide no 
motivation to combine, and give no expectation of success regarding inhibiting or 
killing microbes in food or water. The cited art combination provides no 
motivation to combine and no expectation of success regarding composition 
having a pH of about 4 to about 5 for a method of inhibiting or killing 
Salmonella in food. (Emphasis Added). Reversal is respectfully requested. 

4. The Group IV Claims Under Rejection (Claim 121-122, 124-125, 
127-128, and 130-131) 
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Claim 122 is representative of the Group IV claims under rejection. Claim 
122 is directed to a method of killing Salmonella in food (as discussed above), 
but additionally recites that the content of 2-hydroxy-4-(methylthio)butanoic acid 
is from about 20% to about 40% of the sum of the 2-hydroxy-4- 
(methylthio)butanoic acid, butyric acid, and lactic acid content; the content of the 
butyric acid is from about 10% to about 30% of said sum; and the content of the 
lactic acid is from about 10% to about 30% of said sum. 

The arguments asserted above are hereby incorporated and reasserted 
with respect to claims 121-122, 124-125, 127-128, and 130-131. In particular, 
the cited references have been previously shown to teach away from the 
currently claimed invention, provide no motivation to combine, and give no 
expectation of success regarding inhibiting or killing Salmonella in food. Even 
more specifically, the cited art combination provides no motivation to combine 
and no expectation of success regarding specific percentages of 2-hydroxy-4- 
(methylthio)butanoic acid, formic acid, and propionic acid as claimed by the 
Group IV claims. (Emphasis Added). The teachings away as identified above 
and the unpredictability in the microbial arts indicate that the claimed 
percentages would not have been within the skill in the art. As such, the Office's 
reliance on In re Bosch, 205 USPQ 215 (CCPA 1980) for the selection of optimal 
parameters 32 is not supported by either the cited art or the general state of the 
technology. Reversal is respectfully requested. 

G. The Rejection of Claims 88-89 under 35 U.S.C. 103(a) over Dunn 
et al., Blake et al., Buttin, Bland et al., and Pinski et al. is Improper 

Claims 88-89 are directed to methods of killing Salmonella in food fed to 
an aquaculture animal and belong to the Group I claims. Claim 75 is 
representative of the Group I claims. The arguments asserted above are hereby 
incorporated reasserted with respect to claims 88-89. 


32 See, e.g., Final Action at page 7, lines 7-9. 
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The cited references have been previously shown to teach away from the 
currently claimed invention, provide no motivation to combine, and give no 
expectation of success regarding inhibiting Salmonella in food. The Office has 
cited Pinksi because it generally relates to aquaculture and is said to disclose 
antimicrobial agents "selected from propionic acid, salt of propionic acid, citric 
acid, or a salt thereof." 33 

The teachings of Pinski are limited to oil-coated, encapsulated, moistured 
aquaculture feed having a particle size of less than about 1000 micrometers. 
Pinksi provides no teachings for foods that are not oil-coated and encapsulated. 
Pinski also teaches away from the claimed invention by packaging foodstuff with 
bacteria that do not appear to be adversely affected, inhibited, or killed by the so- 
called antimicrobials. 34 

"In one aspect, powdered feed, endo-probiotic 
bacteria and/or ecto-probiotic bacteria, water and oil 
are mixed to provide a feed which not only can 
enhance the value of the feed for certain species of 
aquatic life, such as shrimp, but the release of such 
bacteria can help maintain a clean water environment 
. . . Endo-probiotic bacteria which may be used in 
the product of the invention include dried B. 
licheniformis and B. subtilis strains commercially 
available . 

It has also been shown by Bland that the specific organic acids listed by Pinski 36 
are not effective at killing microbes in animal feedstuffs without large amounts of 
formaldehyde. This teaching away by Bland contradicts any supposed 
motivation to combine the references cited in this rejection, and supports a 
finding of non-obviousness. Reversal is respectfully requested. 


33 See, e.g., Final Action at page 8, lines 1-2. 

34 See, e.g., Pinski ef a/, at published paragraph [0015]. 

35 See, e.g., id. (Emphasis Added) 

36 See, e.g., id. at published paragraph [0010]. 
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H. The Rejection of Claims 94-95 under 35 U.S.C. 103(a) Dunn et al., 
Blake et al., Buttin, Bland et al., and Friedman et al. ("Friedman") is 
Improper 

Claims 94-95 are directed to a method of killing or inhibiting Salmonella in 
food that is fed to a companion animal, and belong to the Group I claims. Claim 
75 is representative of the Group I claims. The arguments asserted above are 
hereby incorporated and reasserted with respect to claims 94-95. The Office 
cites Friedman because it is alleged that it teaches "pet food for feeding pets 
such as dog food contains antibacterial agents." 37 

The cited references have been previously shown to teach away from the 
currently claimed invention, provide no motivation to combine, and give no 
expectation of success regarding inhibiting or killing microbes in food. Notably, 
the cited prior art combination fails to teach a composition that would have 
a reasonable expectation of success at killing Salmonella in food. 

Friedman does not teach, disclose, or suggest HMBA as claimed by the 
Appellant. It has also been shown by Bland that the organic acids disclosed by 
Friedman 38 are not effective at killing microbes in animal feedstuffs without large 
amounts of formaldehyde. This teaching away by Bland contradicts any 
supposed motivation to combine or expectation of success, and supports a 
finding of non-obviousness. Reversal is respectfully requested. 

I. The Rejection of Claims 114, 123, 126, 129, and 132 under 35 U.S.C. 
103(a) over Dunn, Blake, Buttin, Bland, and Rolow etal. ("Rolow") is 
Improper 

I. The Group III Claims Under Rejection (Claim 114) 

Claim 114 is representative of the Group III claims under rejection. The 
method of claim 1 14 is dependent on claim 75, but further comprises an 
acidulant selected from the group consisting of phosphoric acid, sulfuric 


| 7 See, e.g., Final Action at page 8, lines 20-21. 

18 See, e.g., Friedman et al. at col. 3, lines 64-67, col. 4, lines 1-16. 
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acid, phosphorous acid, hydrochloric acid, hvdrobromic acid, and nitric 
acid. (Emphasis Added). 

The arguments asserted above are hereby incorporated and reasserted 
with respect to claim 114. The Office cites the Rolow reference as allegedly 
disclosing a liquid preservation composition to extend the shelf life of tortillas 
made from corn. In a preferred embodiment, the preservation composition of 
Rolow is said to comprise "phosphoric acid, propionic acid, and benzoic acid." 39 

The cited references have been previously shown to teach away from the 
currently claimed invention, provide no motivation to combine, and give no 
expectation of success regarding inhibiting or killing microbes in food or water. 
Notably, the cited prior art combination fails to teach a composition that 
would have a reasonable expectation of success at killing Salmonella in 
food. 

More specifically, Rolow is limited to tortillas and products made from 
tortilla flour. 40, 41 Rolow indicates that a number of known antimicrobial 
preservatives, including those claimed by Appellant, are unacceptable for 
individual use in tortillas because they adversely affect taste and odor. 42 Rolow 
specifically identifies fumaric acid and benzoic acid to be unsatisfactory as 
individual antimicrobial agents in tortillas, giving an off flavor and being 
ineffective at controlling growth of high level organisms 43 44 (Emphasis 


39 See, e.g., Final Action at page 9, lines 18-21. 

40 "[l]t can be seen that the combination of benzoic acid with propionic acid and phosphoric acid, 
in the proportions specified, is an effective preservative for products made from tortilla flour." 
(See, e.g., Rolow ef al. at col. 7, lines 47-51). 

41 "This invention relates generally to methods and chemicals for extending the shelf life of corn 
tortillas or wheat tortillas, and specifically the preservation of corn tortillas or wheat tortillas . . ." 
(See, e.g., id. at col. 1, lines 12-15). 

42 "Various antimicrobial preservatives have been proposed, however they have limitations of 
increasing the cost of producing tortilla and/or adversely affecting the taste and odor." (See, e.g., 
id. at col. 1 , lines 35-38). 

43 "[A]cidulants such as fumaric acid or citric acid, are used to reduce pH levels. A major 
drawback resulting from this type of preservative mixture is the lingering after-taste of the 
acidulant. These preservative mixtures have successfully increased the shelf life of tortillas . . . 
However, the taste of the tortillas containing these preservatives has not been satisfactory. Also 
the supply of some of these preservatives have been limited, making them difficult to or 
expensive to obtain." (See, e.g., id. at col. 2, lines 5-13). 
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Added). Fumaric acid and benzoic acid are two of the organic acids specifically 
recited in the Group III claims. The teachings away by Rolow may not be 
disregarded, since two of the "primary indications of spoilage in tortillas is an off 
odor or taste . . ." 45 Taken in context, it is apparent that only the specific 
combination of acids described by Rolow actually yields a "surprisingly . . . fresh 
taste with a slight sweetness at the finish" for tortillas. 46, 47 One of skill in the art 
would therefore view Rolow as being limited to tortilla products and 
ineffective at controlling growth of high level organisms 48 At a minimum, it 
is entirely unclear whether the Rolow tortilla preservative composition would have 
any inhibitory effect on Salmonella. Reversal is respectfully requested. 

2. The Group IV Claims Under Rejection (Claims 123, 126, 129, 
and 132) 

Claim 123 is representative of the Group IV claims under rejection. Claim 
120 is directed to a method of inhibiting or killing Salmonella in food. The 
method comprises treating the food or water with an antimicrobial composition. 
The antimicrobial composition comprises at least two organic acids selected from 
the group consisting of formic acid, butyric acid, fumaric acid, lactic acid, benzoic 
acid, and propionic acid; and a third organic acid that is a compound of formula 
(I). More specifically, claim 123 requires the content of the phosphoric acid 
is from about 20% to about 40% of said sum. . (Emphasis Added). 


44 "Benzoic acid is a well-known food preservative . . . generally used only in very acidic foods 
such as pickles, soft drinks and dressings. . . Benzoic acid is also known to impart an off flavor. 
Because of the narrow pH range in which it has generally been effective and because of its off- 
flavor, it is being replaced by other preservatives. Benzoic acid has not been effective to control 
the growth of high-levels of microorganisms. Because tortillas generally have a pH level above 
the optimum effective antimicrobial range of benzoic acid, benzoic acid has not been commonly 
used as a tortilla preservative." (See, e.g., id. at col. 3, lines 12-27) (internal citations omitted). 

45 See, e.g., id. at col. 1, lines 35-38. 

46 See, e.g., id. at col. 4, lines 16-19. 

47 See, e.g., id. at col. 4, lines 43-46. 

48 Id. 
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The arguments asserted above in are hereby incorporated reasserted with 
respect to claims 123, 126, 129, and 132. In particular, the cited references have 
been previously shown to teach away from the currently claimed invention, 
provide no motivation to combine, and give no expectation of success regarding 
inhibiting or killing microbes in food or water. Even more specifically, the cited art 
combination provides no motivation to combine and no expectation of success 
regarding specific the percentages as recited by claim 123. 126. 129, and 
132. (Emphasis Added). Reversal is respectfully requested. 

J. Conclusion 

For the foregoing reasons, the Appellant respectfully submits that the 
currently pending claims are patentable over the prior art, and request that the 
rejection of these claims as being unpatentable under 35 U.S.C. § 103 (a) be 
reversed. The Commissioner is hereby authorized to change any and all fees 
that may be required or credit any overpayment to Deposit Account No. 50-1662. 

Polsinelli Shughart PC 
Respectfully submitted, 

Date: June 1. 2010 By: /Kathrvn J. Doty/ 

Kathryn J. Doty, Registration No. 40,593 
100 South Fourth Street, Suite 1 100 
St. Louis, MO 63102 
Tel: (314) 889-8000 
Fax: (314) 231-1776 
Attorney for Appellant 
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Claims Appendix to Appeal Brief Under Rule 47.37(c)(1)(viii) 

Claims1-74 (canceled). 

Claim 75 (previously presented). A method of inhibiting or killing microbes 
comprising Salmonella in food, the method comprising treating the food with an 
organic acid composition comprising at least three organic acids, the organic acid 
composition comprising 2-hydroxy-4-(methylthio)butanoic acid and at least two 
organic acids chosen from butyric acid, lactic acid, and propionic acid, wherein 
the organic acid composition inhibits or kills more Salmonella in the food 
compared to when the food is treated with any single organic acid that forms the 
organic acid composition. 

Claim 76 (canceled). 

Claim 77 (previously presented). The method of claim 75 wherein said food is 
selected from the group consisting of human food, livestock food, pet food, or 
aquaculturefood. 

Claim 78 (previously presented). The method of claim 77 wherein said 
composition is mixed with the food as it is formulated. 

Claim 79 (previously presented). The method of claim 78 wherein said 
composition is applied to a pre-mixed or pre-pelleted feed. 
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Claim 80 (previously presented). The method of claim 79 wherein said 
composition, subsequent to treating said food, is uniformly dispersed throughout 
said food. 

Claim 81 (previously presented). The method of claim 75 wherein said food 
comprises a meat or bone meal. 

Claim 82 (previously presented). The method of claim 75 wherein said food is 
dry food. 

Claim 83 (previously presented). The method of claim 75 wherein said food is 
liquid food. 

Claim 84 (previously presented). The method of claim 75 wherein said food is a 
combination of dry feed and liquid food. 

Claim 85 (previously presented). The method of claim 75 wherein said food is 
fed to an animal. 

Claim 86 (previously presented). The method of claim 85 wherein said animal is 
a ruminant animal. 

Claim 87 (previously presented). The method of claim 86 wherein said ruminant 
animal is selected from the group consisting of dairy cows, lactating dairy cows, 
dairy calves, beef cattle, sheep, and goats. 
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Claim 88 (previously presented). The method of claim 85 wherein said animal is 
an aquaculture. 

Claim 89 (previously presented). The method of claim 88 wherein said 
aquaculture is fish or crustaceans. 

Claim 90 (previously presented). The method of claim 85 wherein said animal is 
livestock. 

Claim 91 (previously presented). The method of claim 90 wherein said livestock 
is swine or horses. 

Claim 92 (previously presented). The method of claim 85 wherein said animal is 
poultry. 

Claim 93 (previously presented). The method of claim 92 wherein said poultry is 
selected from the group consisting of chickens, turkeys, and hatchlings thereof. 

Claim 94 (previously presented). The method of claim 85 wherein said animal is 
a companion animal. 

Claim 95 (previously presented). The method of claim 94 wherein said 
companion animal is a dog or a cat. 

Claims 96 to 1 13 (canceled). 


450532.2 


PATENT 

Application No.: 10/652,745 
Attorney Docket No.: 048968-1 17961 
Via EFS-Web 

Claim 114 (previously presented). The method of claim 75, further comprising an 
acidulant selected from the group consisting of phosphoric acid, sulfuric acid, 
phosphorous acid, hydrochloric acid, hydrobromic acid, and nitric acid. 

Claim 115 (previously presented). The method of claim 75, wherein the 
composition has a pH of less than about 5. 

Claim 116 (previously presented). The method of claim 75, wherein the 
composition has a pH of about 4 to about 5. 

Claim 117 (previously presented). The method of claim 75, wherein the 
composition has a pH of about 4.5. 

Claims 1 1 8 to 1 20 (canceled). 

Claim 121 (previously presented). The method of claim 75, wherein the organic 
acid composition comprises 2-hydroxy-4-(methylthio)butanoic acid, butyric acid, 
and lactic acid. 

Claim 122 (previously presented). The method of claim 121, wherein the content 
of 2-hydroxy-4-(methylthio)butanoic acid is from about 20% to about 40% of the 
sum of the 2-hydroxy-4-(methylthio)butanoic acid, butyric acid, and lactic acid 
content; the content of the butyric acid is from about 1 0% to about 30% of said 
sum; and the content of the lactic acid is from about 10% to about 30% of said 
sum. 
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Claim 123 (previously presented). The method of claim 122, further comprising 
phosphoric acid, wherein the content of the phosphoric acid is from about 20% to 
about 40% of said sum. 

Claim 124 (previously presented). The method of claim 135, wherein the organic 
acid composition comprises 2-hydroxy-4-(methylthio)butanoic acid, butyric acid, 
formic acid, and lactic acid. 

Claim 125 (previously presented). The method of claim 124, wherein the content 
of 2-hydroxy-4-(methylthio)butanoic acid is from about 10% to about 30% of the 
sum of the 2-hydroxy-4-(methylthio)butanoic acid, butyric acid, formic acid, and 
lactic acid content; the content of the butyric acid is from about 2% to about 22% 
of said sum; the content of the formic acid is from about 20% to about 40% of 
said sum; and the content of the lactic acid is from about 8% to about 28% of 
said sum. 

Claim 126 (previously presented). The method of claim 125, further comprising 
phosphoric acid, wherein the content of the phosphoric acid is from about 10% to 
about 30% of said sum. 

Claim 127 (previously presented). The method of claim 75, wherein the organic 
acid composition comprises 2-hydroxy-4-(methylthio)butanoic acid, butyric acid, 
lactic acid, and propionic acid. 
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Claim 128 (previously presented). The method of claim 127, wherein the content 
of 2-hydroxy-4-(methylthio)butanoic acid is from about 10% to about 30% of the 
sum of the 2-hydroxy-4-(methylthio)butanoic acid, butyric acid, lactic acid, and 
propionic acid content; the content of the butyric acid is from about 2% to about 
22% of said sum; the content of the lactic acid is from about 8% to about 28% of 
said sum; and the content of the propionic acid is from about 20% to about 40% 
of said sum. 

Claim 129 (previously presented). The method of claim 128, further comprising 
phosphoric acid, wherein the content of the phosphoric acid is from about 10% to 
about 30% of said sum. 

Claim 130 (previously presented). The method of claim 135, wherein the organic 
acid composition comprises 2-hydroxy-4-(methylthio)butanoic acid; butyric acid, 
formic acid, and propionic acid. 

Claim 131 (previously presented). The method of claim 130, wherein the 
content of 2-hydroxy-4-(methylthio)butanoic acid is from about 1% to about 20% 
of the sum of the 2-hydroxy-4-(methylthio)butanoic acid, butyric acid, formic acid, 
and propionic acid content; the content of the butyric acid is from about 1 % to 
about 1 5% of said sum; the content of the formic acid is from about 65% to about 
85% of said sum; and the content of the propionic acid is from about 1% to about 
15% of said sum. 
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Claim 1 32 (previously presented). The method of claim 1 31 , further comprising 
phosphoric acid, wherein the content of the phosphoric acid is from about 1% to 
about 15% of said sum. 

Claim 133 (canceled). 

Claim 134 (previously presented). The method of claim 75, wherein the organic 
acid composition further comprises at least one organic acid chosen from formic 
acid, fumaric acid, and benzoic acid acetic acid, malic acid, tartaric acid, 
mandelic acid, citric acid, sorbic acid, boric acid, succinic acid, adipic acid, 
glycolic acid, and glutaric acid. 

Claim 135 (previously presented). The method of claim 75, wherein the organic 
acid composition further comprises at least one organic acid chosen from formic 
acid, fumaric acid, and benzoic acid. 

Claim 136 (previously presented). The method of claim 134, further comprising 
an acidulant selected from the group consisting of phosphoric acid, sulfuric acid, 
phosphorous acid, hydrochloric acid, hydrobromic acid, and nitric acid. 

Claim 137 (previously presented). The method of claim 135, further comprising 
an acidulant selected from the group consisting of phosphoric acid, sulfuric acid, 
phosphorous acid, hydrochloric acid, hydrobromic acid, and nitric acid. 
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Evidence Appendix to Appeal Brief Under Rule 47.37(c)(1)(ix) 

A copy of Dr. Knight's Declaration under 37 C.F.R. 1 .1 32 was initially 
submitted to the USPTO on September 26, 2007, as part of the response to the 
non-final Office Action mailed March 27, 2007. The response was entered by 
the Examiner as indicated by the Final Action mailed December 1 1 , 2007. The 
Declaration was again filed and entered into the record on May 26, 2009. Dr. 
Knight's previously submitted declaration also included a copy of his curriculum 
vitae, demonstrating his knowledge and expertise in the technical field. A copy of 
Dr. Knight's Declaration, as previously submitted, is hereby attached as evidence 
to the Appeal Brief. 

A copy of the Warnecke et al. review article under 37 C.F.R. 1 .1 32 was 
submitted to the USPTO on September 26, 2007, as part of the response to the 
non-final Office Action mailed March 27, 2007. The response was entered by 
the Examiner as indicated by the Final Action mailed December 1 1 , 2007. A 
copy the Warnecke et al. review article is hereby attached as evidence to the 
Appeal Brief. 

A copy of the Enthoven and Ivey references, as previously cited by the 
Office are attached as evidence to the Appeal Brief. The Enthoven reference 
was cited by the Office in the Non-Final Office Action mailed December 23, 2008. 
The Ivey reference was cited by the Office in the Final Office Action mailed 
December 1 1 , 2007. In particular, the Enthoven references states that, "the 
results show there is no inhibitory effect of HMB or formic acid on 
Lactobacillus or Salmonella ." (Note: the terms Alimet®, HMB, HMBA, HMTBA, 
and 2-hydroxy-4-(methylthio)butanoic acid are used interchangeably. 49 ). The 
Ivey reference, at col. 6, lines 8-10, indicates that, despite having propionic acid, 
the composition may be used to deliver a probiotic or microbial to an animal. 


See, e.g., id., at page 36, lines 5-8. 
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Related Proceedings Appendix to Appeal Brief Under Rule 47.37(c)(1)(x) 

There are no related decisions for this appeal. 
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UNITED STATES PATENT AND TRADEMARK OFFICE 


Applicants): Schasteen et al 
Serial No.: 10/652,745 
Filed: August 29,2003 


Art Unit 1617 
Examiner: S. Kaniamneni 
Conf. No. 1765 


For; 


ANTIMICROBIAL COMPOSITIONS 


DECLARATION O F CHRISTOPHER P. KNIGHT UNDER 37 C.F.R. § 1.132 
I, Christopher D. Knight, declare and state as follows: 

1 . I have over twenty years of experience in the field of animal health and 
nutrition. Novus international inc., a global leader in animai health and 
nutritional products, currently employs me as Vice-President for 
Research and Development My employment by Novus International 
has been continuous for over sixteen years. Prior to my employment 
at Novus International Inc., I was employed by Monsanto in their 
Animal Sciences Division for over five years. My educational 
background includes a Bachelor of Science degree in Animal science 
awarded by Cornell University in 1975; a Master of Science degree in 
Monogastric Nutrition awarded by Purdue University in 1977; and a 
doctorate degree (i.e., Ph.D.) in Monogastric Nutrition awarded by 
Purdue University in 1981. I have also published over approximately 
thirty journal articles or posters at internationally attended meetings, 
and I am an inventor on three patents. Attached to this Declaration is 
a copy of my curricula vitae. 

2. I have reviewed U.S. Patent Application Publication No. 2004/0175434 
('434 application) entitled "Antimicrobial Compositions." The '434 
application has claims directed toward antimicrobial compositions that 
comprise several organic acid formulations developed at Novus, and 
presently sold under the trade name ACTIVATE®. 

3. Through my position at Novus as Vice-President for Research and 
Development, I am familiar with and supervised portions of the 
research and development efforts that resulted in the discovery of 
several organic acid blends, which are claimed in the '434 application. 
The focus of this research effort was to improve the cost effectiveness 
of the formulations, while at the same time improving the antimicrobial 
activity of the blend of organic acids compared to any individual 
organic acid comprising the Wend. The ACTIVATE® organic acid 
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formulations (as described in various iterations of the '434 application), 
in my opinion, meet both of the aforementioned goals. 

4, We have research data, that in my opinion, demonstrates surprising 
and unexpected results for organic acid formulations falling within the 
scope of the '434 patent claims. As an example, attached to this 
Declaration is a graph (identified as figure 7} that depicts a synergistic 
effect for two organic acid formulations of the claimed invention. With 
reference to the attached graph, data is depicted for the antimicrobial 
activity of five different organic acid compositions against Salmonella in 
feed. The five organic acid compositions include; (1 ) 0.45% HMTBA 
alone (i.e., 2-hydroxy~4-(methylthio)butanoic acid, which is a 
compound of Formula (I) in the '434 application); (2) 0.45% butyric acid 
aione; (3) 0.45% lactic acid alone; (4) blend OA 4, which is 0,15% 
lactic acid, 0.15% propionic acid, and 0.15% HMTBA; and (5) blend 
OA 6, which is 0.1% lactic acid, 0.1% butyric acid, 0.1% propionic acid, 
and 0.15% HMTBA. The antimicrobial experiments were conducted in 
accordance with Novus's standard protocol entitled "Low pH in Feed 
Test Procedure," a copy of which is attached to this Declaration, As 
depicted in the graph, the antimicrobial activity of either blend OA 4 or 
biend OA 6 achieved significantly higher killing of Salmonella at lower 
concentrations than could be achieved with any of the single organic 
acids aione. 


5. i further declare that all statements made herein are of my own 

knowledge are true and that all statements made on information and 
belief are believed to be true; and further, that these statements were 
made with the knowledge that willful faise statements and the like so 
made are punishable by fine or imprisonment, or both, under 18 U,S,C, 
§ 1001 , and that such willful false statements may jeopardize the 
validity of the application or any patent issuing thereon. 




CURRICULUM VITAE 

Christopher D. Knight, Ph.D 

31 Ranch Court 
St. Louis, MO 63146 
(314) 567-6627 (h) 
(636)926-7401(0) 

Education 


1977- Ph.D. in Monogastric Nutrilion 

1 98 1 Purdue University, West. Lafayette, IN 

Department of Animal Science. 

Graduate Instructorhsip, 1977-1981 

1976- M.S. in Monogastric Nutrition 

1977 Purdue University, West. Lafayette, IN 

Department of Animal Science. 

Graduate Research Assistant 
1 973- B.S. Animal Sciences 

1975 Cornell University, Ithaca, NY 

1971 - A AS. Science Laboratory Technology 

1 973 State University of New York at Cobieskiil 

Employment 

2001 - Department Head, Research & Development 
Present Novus international, Inc. 

1 996- Director New Business Development 

2001 Novus international, Inc. 

1991- Manager and Director Nutrition Research 

1995 Novus International, fnc 

1987- Research Group Leader 

1991 Monsanto Company 

Animai Sciences Division 

Porcine Somatotropin Group 

1981- Research Specialist and Research Group Leader 

1986 Monsanto Company 

Alimet Metabolism and Applications Research Group 


1 


Key Accomplishments 


• Developed foundation data quantifying availability of AHMET® Feed Supplement as a 
by-pass methionine source in lactating dairy cattle and methods to predict methionine 
deficiency using existing nutritional models. These data resolved decades of research 
work to attempting to commercialize this product application that had failed due to 
unpredictable field results. The research demonstrated Alimet to be the most cost- 
effective source of post-ruminal methionine activity available, resulted in a US patent 
and the development of a $5M/yr business for Novus. As of 2005, a new Ruminant 
Business Unit of 20 employees and agents and a portfolio of 8 products (Including 
Alimet and MHA) for the dairy industry has been formed. 

• Led the development and commercialization of OASIS® Hatchiing Supplement, a 
hydrated nutritional supplement fed to young poultry in transit or to stimulate rapid 
onset of ad libitum feeding after placement. This patented product developed a new 
market in the poultry industry based on developmental research at Novus showing the 
Impact of early nutrition on subsequent long term performance and health. Cumulative 
sales of this niche product have exceeded $4M and resulted in the development of 
gastrointestinal health as a core research and development competency within Novus. 

• Led the technology development, regulatory approval and early commercialization of 
ADVENT® Coccidiosis Control, an orally applied coccidiosis vaccine based upon 
technology that permits the in vitro determination of oocyst viability such that a vaccine 
of consistent potency can be produced and marketed. This represented a new area of 
technology for Novus and in 2003, a jury of scientists and technology experts from 
Washington University and St. Louis University awarded the developers of this 
technology (Dr. Julia Oibner and Dr. Chris Knight) with The St Louis Technology 
Award. The Advent Coccisosis Control technology was among eight other winners 
from approximately 70 nominations in the St. Louis vicinity. In determining winners, 
the Judges considered the scope, economic impact and overall significance of the 
new technology. Facilitated by the Academy of Science of St. Louis, the judging 
process also examined the level of sophistication of the entries and the innovation 
utilized to bring it to fruition. This technology represents a keystone of a business , 
strategy that focuses on gastrointestinal health and drug-free poultry production. 

• Established a new cost-efficient method of product development research, to insure 
Novus' capability to conduct scientifically and commercially relevant research across 
multiple species without requiring ownership or hands on care and management of 
research facilities. Initially divested Novus-owned animal research facilities and sought 
collaborative investment opportunities with scientific professionals in animal agriculture 
to provide capital for research facilities that would be controlled by the research 
partner but provide Novus with preferred status for conduct of research. To date we 
have formed 3 partnerships like this in the US that permits routine product 
development work in broilers, swine (weaning, grow-finish and lactating sows) and 
dairy cattle, ail in commercial scale production environments. Similar agreements are 
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under development in Brazil (commercial scale egg layer research) and China 
(commercial scaie swine research including wean, grow-ftnish and sow nutrition), 

The foundation product for Novus Internationa! is ALIMET® Feed Supplement, a 
source of methionine activity referred to as methionine hydroxy! anaiog or chemically 
DL-2-hydroxy-4-(methv!thio) butanoic acid. Today this business represents 
approximately $40GM in annua! revenue to Novus in a $1B methionine market, 
however, in 1981 this represented about a S20M business. In the course of my 25 year 
involvement with this product there has been a heated commercial controversy with 
respect the relative efficacy of Aiimet and the competitive product DL-methonine 
(DIM). A close colleague {Dr. Julia Dibner) and I have had the responsibility of 
understanding the absorption, metabolism and utilization of Aiimet, how it differs from 
that of DIM and the impact that the differences have on the commercial value of 
Aiimet relative to DIM. Today based on a variety of independent and collaborative 
research efforts it is understood that the metabolism of Aiimet is very different from 
DLM, that those differences result in differences in ad libitum feed intake (less than 
DLM at low supplementation rates, greater than DLM at the maximum response level) 
resulting in different dose responses for the two methionine sources. A substantial part 
of the controversy was based on the a priori assumption that the two products must 
have the same dose response since they both provide methionine. With collaboration 
with various statistical experts, we have been able to establish that the two products in 
fact have different dose responses and have described the appropriate statistical 
methods for comparing two products that exhibit different dose responses (Poult. Sci. 
85:947-954). The controversy will continue due to commercial conditions (Aiimet is 
less expensive to manufacture than DLM) , however over the course of 25 years 
Aiimet has continued to grow at a 25% compounded annual growth rate with over a 
50% market share in the US. The science applied to this commercial issue has laid the 
technical foundation that has provided Novus with the technical credibility to expand 
our product offerings from amino acids into nutritional organic acid blends, organic 
trace minerals, ingredient preservation and coccidiosis control. 

ALIMET® Feed Supplement, OASIS® Hatchling Supplement and ADVENT® Coccidiosis Control 
are registered trademarks of Novus international, inc., St. Louis, MO. 


• Married 1982: Sandra J, Rogers (Purdue Food Science MS 1 978). 

• Children: Adam (19), Evan {1 6), Audrey (14) 
Community involvement 

• Subdivision Trustee: 1987-1989: Led resolution of road and storm sewer repair dispute 

• St. Peter's Episcopal Church: 

o Youth Sponsor: 1984-1988 

o Sunday School Teacher: 1 992-2006 {Variety of grades and curricula) 
o Vestry: 1989-1993 

o Founding Christian Education Commission & Chair: 1989-1993 
o Confirmation Teacher: 2005-6. 

o Founding and sustaining member of Haven of Grace; Home for unwed mothers 

t Hobbies 

o Cooking 
o Gardening 
o Kid's Sports 
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1. Dibner, J.J. and CD. Knight (1984) Conversion of 2-hydroxy-4-{methylthio) butanoic 
add to L-methionine in the chick: A stereospecific pathway. J. Nutr. 1 14:1716-1723. 

2. Knight, CD. and JJ, Dibner (1984) Comparative absorption of 2-hydroxy-4- 
(methylthio)butanoic add and L-methionine in the broiler chick. J. Nutr. 
114:2179-2186. 

3. Dibner, JJ., F.J. Ivey, CQ. Lawson and CD. Knight (1986) In vitro methods in animal 
nutrition. Proceedings of the Conference European D'Aviculture 7:312-316. 
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environments. J Anim Sci. 71:2376-87. 


10. Becker. B. A., CD. Knight, F.C. Buonomo, G.W. Jesse. H.B. Hedrick, C. A. Baile. 
1992. Effect of a hot temperature environment on performance, carcass 
characteristics, and blood hormones and metabolites of pigs treated with porcine 
somatotropin. J. Anim. Sci. 70: 2732-40. 


11. Ledoux, D.R., C D. Knight, 8. A. Becker and C.A. Baile. 1993. Effects of a porcine 
somatotorpin implant on tissue mineral status of finishing pigs exposed to a 
thermoneutral or cold environment J, Anim. Sci. 1993. 71:2180-2186. 

12. Knight, CD., C.W. Wuelling, CA Atweii and J J. Dibner. 1994. Effect of Intermittent 
Periods of High Environmental Temperature on Broiler Performance Responses to 
Sources of Methionine Activity. Poultry Science 73:627-639. 

13. Hammond B.G., Vicini J.L, Hartnell G.F., Naylor M.W., Knight CD., Robinson E.H., 
Fuchs R.L, Padgette S.R. 1996. The feeding value of soybeans fed to rats, 
chickens, catfish and dairy cattle is not altered by genetic incorporation of 
glyphosate tolerance. J Nutr. 1996. 126(3):717-27. 

14. Knight, CD., C.A. Atwell. C.W, Wuelling, F.J. Ivey and J.J. Dibner, 1998. The 
relative effectiveness of 2-hydroxy-4-(methylthio) butanoic acid and DL- 
methionine in young swine. J. Anim. Sci. 76:781-787. 

15. Dibner, J.J., F.J. ivey, and CD. Knight. 1998. The feeding of neonatal poultry. 
World Poultry, No. 5, Vol. 14: 36-40. 

16. Dibner, J.J., CD. Knight, M.L Kitcheil, C.A. Atwell A.C. Downs and F.J. Ivey, 
1998. Early feeding and development of the immune system in neonatal poultry. 
J. App. Pouit. Res. 7:425-436. 

17. Dibner, J.J., F.J. Ivey and CD. Knight, 1999. Direct delivery of live coccidiosis 
vaccine into the hatchiing yolk sac. World Poult ry-Coccidiosis Special p. 28-29. 

18. Koenig K.M., L. M. Rode, C. D. Knight, and P. R. McCullough. 1999. Ruminal 
escape, gastrointestinal absorption, and response of serum methionine to 
supplementation of liquid methionine hydroxy! analog in Dairy cows. J. Dairy Sci. 
82:355-361. 

19. Dibner, J.J., and CD. Knight 2001. Early Feeding and Nutritional Programming 
in Hatchiing Poultry. Proceedings Arkansas Nutrition Conference, Sept. 11-13. 


20. Koenig K.M., M. Vazquez- AftOn, C D. Knight, and L. M. Rode. 2002. Ruminal 
escape and response of serum methionine to 25 and 50 grams of methionine 
hydroxy analog in dairy cows. J. Dairy Sci. 85:930 

21. Dibner, J.J. and CD. Knight, 2003. Early nutrition and immune development. 
Proceedings: California Animal Nutrition Conference, pp. 172-178. Fresno, CA, May 
13 & 14, 2003. 
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22. Dibner, J. J., and CD, Knight. 2003. Early Nutrition: Effect of feed and water on 
liability and performance. Proceedings: 27 m North Carolina Turkey industry 
Days, pp 12-17. 

23. Dibner, J. J., M.A. Pfannenstiel, M.L Kitchell and CO. Knight, 2003. Importance of 
viability testing for coccidiosis vaccines. World Poultry-Coccidiosis Special p. 11-12, 


24. Dibner, J J., M.A. Pfannenstiel, J.K. McMillen, J. Green, and CD. Knight 
2003. Safety and Efficacy of a high definition coccidiosis vaccine. Proceedings 
of the Fifty-Second Western Poultry Disease Conference, March 8-1 1 . pp 83-86. 

25. Vazquez-Anon, M., M. Wehmeyer, T. Hampton, CD. Knight and J.J. Dibner, 2003. 
Differential response to 2-hydroxy-4-(methy)thio) butanoic acid and DL-methionine 
above requirements on broiler and pig performance and iron metabolism.. EEAP 
Publication 109: Progress in Research on Energy and Protein Metabolism, pg. 725- 
729. 

26. Dibner, J.J., M. Quiroz, S.J. Mueller and CD. Knight, 2004. Recent developments in 
broiler coccidiosis control: Comparison of vaccination with coccidiostats in broilers on 
used litter. Zootecnica international, March, 2004: 44-49. 

27. Dibner, J.J., M. Vazquez-Anon, David Parker, Ricardo Gonzalez-Esquerra and CD. 
Knight, 2004. Use of Aiirnet® Feed Supplement (2-hydroxy-4-methylthio butanoic 
acid, HMBTA) for broiler production. Japanese J. Poultry ScL, 41 :214-223. 

28. Gaines A.M., Yi G.F., Ratliff B.W., Srtchana P., Kendall D.C., Allee G.L., Knight 
CD,., Ferryman K.R. 2005. Estimation of the ideal ratio of true" ileal digestible sulfur 
amino acids:lysine in 8- to 26-kg nursery pigs. J Anim. Sci.83:2527-34. 

29. Vazquez-Anon, M. D. Kratzer, R. Gonzalez-Esquerra, I. G. Yi, and C D. Knight. 2006. 
A Multiple Regression Model Approach to Contrast the Performance of 2-Hydroxy-4~ 
Methylthio Butanoic Acid and DL- Methionine Supplementation Tested in Broiler 
Experiments and Reported in the Literature. Poult. Sci. 85: 693-705. 

30. Vazquez-Anon, M., R. Gonzalez-Esquerra, T. Hampton, J. Firman, and C D. Knight. 
2006. Evidence for 2-Hydroxy-4-Methyiihio Butanoic Acid and DL-methionine having a 
Different Dose-Response in Growing Broilers. Poult Sci. 85: (In Press). 

31. G. F. Yi, A. M. Gaines, B. W. Ratiiff, P, Srtchana, G. L Allee, K. R. Ferryman, and C. 
D. Knight. 2006. Estimation of the true ilea! digestible lysine and sulfur amino acid 
requirement and comparison of the bioefficacy of 2-hydroxy-4-{methy!thio)butanoic 
acid and DL-methionine in 11- to 26-kg nursery pigs. J. Anim. Set, 84: (In Press). 
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32, G. F. Yi, J, J, Dibner, C. S. Schasteen, J. Wu, K. R. Ferryman, and C D. Knight. 
2006. Evaluation of 2-hydroxy-4-{methylthio)butenoic acid (HMTBa) and HMTBa 
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Patents 

1. Ivey, F.J., J J. Dibner, and CD. Knight, 1999. Nutrient formulation and process for 
enhancing the health, livability, cumulative weight gain or feed efficiency in poultry 
and other animals. Patent number 5,976,580. 

2. ivey, F.J., J.J. Dibner, and CD. Knight, 1999. Nutrient formulation and process for 
feeding young poultry and other animals. Patent number 5,985,336. 

3. Knight, CD., K, Koenig, L Rode, M. Vandenberg, and M. Vazquez-Afton 2000. 
Process for optimizing milk production. Patent number 601 ,753 
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STANDARD ANALYTICAL PROCEDURE 

Novus Imernational, Inc. - MRP 


COMPANY CON FIDENTIAL 

Effective Date 


TITLE; Low pH in Feed Test Procedure 
METHOD NO. 
MATERIAL: Activate DA™ 

TEST: Anti-bacterial activity of organic acids measured In feed at low pH 


SCOPE; Anti-bacterial activity of organic acids is measured in feed at low pH to simulate 
the low pH and moisture conditions in the upper digestive tract of animal. 

MATERIALS: 

1, Finished feed: mash or crumble, swine or poultry 

2. Fresh culture of Salmonella and Escherichia call 

4. Brilliant Green Agar or other selective media for salmonella enumeration 

5. MacConkey Agar or other selective media for e, coli enumeration 

6. Incubator set at 40C for the assay, and 37C for bacteria enumeration (plating) 
?. Pipettes and sterile tips 

8, Sterile tubes (50 ml) 

9. Hydrochloric actd 

SAFETY CONSIDERATIONS: 

1. Mouth pipetting is not allowed, automatic pipettes or pipette bulbs must be used. 

2. Use appropriate gloves where necessary, 

3. Dispose of all hazardous waste properly. Autoclave all wastes containing salmonella 
or e. coli. 

PROCEDURE: 

Prepare fresh cultures of salmonella and e. coli: 

1. Grow a fresh culture of salmonella or e. coil overnight at 37C in Tryptic Soy Broth 
(or appropriate media for the particular strain of bacteria) 

2. Determine the counts by direct plating 

3. Keep the culture at 4C until use. Prepare fresh cultures every 2 weeks. 

Determine the amount of HCL needed to bring the feed to pH 4.0 

1. Prepare 150mM HCL solution from concentrated HCI (12.1N HQ), 

2. Weight out 5g of mash or crumbled feed in 50ml tubes, 

3. Add 150mM HCI and DI H20 at different proportions (see the table below) to 
achieve a total volume of 15 ml, 


ISOmMHCl 

7.25 ml 

7.50ml 

7.75 ml 

8ml 

8,25rn! 

D1H20 

7.75 ml 

7.50ml 

7,25 mi 

7ml 

6.75ml 

Total volume 

15 ml 

15ml 

15 ml 

15 ml 

L 15ml 


the pH to equilibrate, 


The information con i - - «*c ns or suggest ids w«tm« 
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STANDARD ANALYTICAL PROCEDURE 


COMPANY CONFIDENTIAL 


Movus Imernaiiona!, Inc. - MRP 


Effective Date 


5. Adjust the ratio between HCi and H2Q until the pH of the feed is at - 4.0 (A range of 
3.8 to 4,0 is acceptable). 



Treatments 

Dose 

Reps. 

Feed 

inocuiant 
(cfu/g of feed) 

1 

control 



5 gram 

40,000 

2 

Activate DA 

0.3% 

2-3 

5 gram 

40,000 

3 

Activate DA 

0.5% 

2-3 

5 gram 

40,000 


1 . Weigh out 5g of finished feed in a sterile 50 ml centrifuge tube. 

2. Add Activate DA to treatments 2 and 3 (!5mg in the 0.3% treatment, and 25mg in the 
0.5% treatment). 

3. Add HCi and Dl H20 to bring die pH to 4,0 (pre determined for each feed, see the 
procedures above), 

4. Inoculate with Salmonella or E. coli to give a final concentration of 40,000 cfu per ml 
of sample (40,000 cfu/ml x 1 5 ml ~ 600,000 cfu/tube), 

5. Incubate the samples for 90 minutes in a 40C incubator (preferably with mixing on an 
end to end rotator, but not required). 

6. At the end of 90 minutes incubation, prepare 1:10 dilution of sample in sterile H20 
(I mi sample and 9 ml H20) 

7. Plate the following samples on Brilliant Green agar {salmonella) and MacConkey 
agar (£. coli} and incubate plates at 37C overnight, . 

lOOui of 1:10 dilution from step 6 
lOOul of undiluted sample 

8. Count colonies the next day, determine cfu/ml sample, and compare with control. 


ANALYTICAL TIME: 

REFERENCE: 
ATTACHMENTS : None 

DOCUMENT CONTROL DATES : 
Issue & Effective Date: 
Prepared/Revised by: Date: 
Approved by: Date: 
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CONFIDENTIAL PREPRINT FROM NOVUS INTERNATIONAL 


Abstract form 


Antibacterial properties of 2-hydroxy-4-(methyIthio)butyric acid (HMB, alimet). 

P. Enthoven, S. van den Hoven en A. van Dijk*. CCL Research, P. O. Box 107, 5460 j 
AC Veghel, The Netherlands. 

Organic acids have many applications in the feed industry e.g. decontamination of raw 
materials (formic acid) or mold control (propionic acid). Organic acids are also able to 
modify the gastrointestinal flora which opens perspectives to control Salmonella. To 
evaluate different products our laboratory developed an in vitro assay in which effects 
on e.g. Escherichia coli or Salmonella enteritidis can be compared. HMB, a methionine 
analogue, is also an organic acid. 

To investigate the antibacterial properties of HMB we added different amounts of 
HMB to a buffered broth containing approx. 3.10 5 cfu/ml of a fresh culture of S. 
enteritidis, E. coli, Lactobacillus plantarum or Campylobacter jejuni. Growth at pH 4.5 \ 
and pH 6.75 was determined after 4 or 6 h incubation at 37°C. For comparison the 
same tests were done with equimolar amounts of formic acid. 
The results show that there is no inhibitory effect of HMB or formic acid on 
Lactobacillus or Salmonella. HMB does show a bactericidal effect at pH 4.5 on 
Escherichia coli and on Campylobacter at 0.83 g/1. Formic acid has under the same 
conditions also an effect on Campylobacter but not on E. coli. 
Conclusion: In the tested range the antimicrobial effect of HMB is comparable to that 
of formic acid; given the working mechanism of organic acids it is speculated that 
these antimicrobial effects are additive. 
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Abstract 

Organic acids are valuable placform chemicals for fumre biorefining applications..Such applications 
involve the conversion of low-cost renewable resources to platform sugars* which' ;ar'e then 
converted to platform chemicals by fermentation and Further derivatiied to large-volume chemicals 
through conventional catalytic routes. Organic adds are toxic to.many of the microorganisms; such 
as Escherichia cof/, proposed, to serve as; biorefining platform hosts at concentrations Well below 
what Is required for economical production. The toxicity- is two-fold, including not only pH based: 
growth inhibition but also anlon-speclfic effects on metabolism thai also affect growth. £ coli 
maintain viability at very low pH through several different tolerance mechanisms incluoing.but not 
limited to the use of decarboxylation reactions that consume protons, ion transporters that 
remove protons, increased expression of known stress genes,, and changing membrane 
composition. The focus of this mini-review Is on organic acid, toxicity and associated tolerance 
mechanisms as well as several examples of successful organic add production processes for £.«/(, 


Review 

Biorefining Platforms 

Biorefining promises the development of efficient proc- 
esses for the conversion of renewable sources of carbon 
: and ; energy into large volume commodity chemicals.- It 
has bccfi estimated, that such bioprocesses already 
account for 5% of the 1.2 trillion dollar US chemical mar- 
ket 1 1 |j with some projecting future values of up to 50% 
of the total US chemical market generated through biolog- 
ical means.. While the attractiveness of such bioprocesses 
has been recognized for some time [2/3|> recent advances 
in biological engineering, and associated sciences (4-15), 
several biorefining success stories. |16-.l 8), and instability 
in the price and' future availability of oil [1,D |, have collec- 
tively rei.nvigdrafcd inieresU'n the large scale production 
of chemicals through biological routes. .Nevertheless, 


many challenges Still remain for. the economical bip-pro- 
duction of commodity chemicals. Such challenges 
encompass the need, to not. only 'inexpensively convert 
bioma's's intousabje" sources of carbon and energy but also 
to engineer microbes' to produce relevant chemicals at 
high titers'and productivities while minimizing the.gener- 
ation of byproducts that, might foul downstream proc- 
esses 1 1,20,21). One. model for' addressing the latter of 
such challenges involves the generation of platform 
organisms that can be easily engineered and re ; engineered 
to produce a variety of building Bidet chemicals thai arc 
amenable to conversions lb higher value products via' tra- 
ditional catalytic routes (see Figure 1 ), Although chemical 
pretrentment of -raw materials impairs viability of plat- 
form organisms, this review will focus on product toxicity 
issues associated with the production of organic acids in 
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Succinic Acid Aipordc Add 
3-Hydroxy'prb'plonic Acid 


a. Gbldoii Vnlloy, Mil wwvv.blareflnlng.com 


Conceptual model of toxicity In bloreflning.appllcatlons: Sugars are extracted from, waste blbmass for use as feedstock forpl&t-. 
form organisms in a biorefinery. Metabolicalry engineered microorganisms convert sugars' into valuable platform chemicals that 
are then furdier derivacized to large-volume chemicals. Product and feedstock toxicity are observed, thus limiting productivity 
of blorefining applications. 


E. coli (for further information on sugar, enaction- 
raw materials see Zaidavar, et at. |22| and Knauf, et- <if. 

The US Depanmeni of linergy {.USDOE) recenily released, 
a prioritized list of building block chemicals for future 
biorefiriing endeavors. Priority was.assigned based on the 
projeaed value of the plalfqrrn chemical, and potential 
derivatives as well as what -technological developments 
were required' for the production^ of the chemical and 
associated derivatives (2 I.J. The report emphasized the 
importance of organic acids to the future: of biorefining' 
efforts (eight of the- top twelve chemicals were organic 
acids, see Table 1 in additional file 1). The' USDOE is not 
die first to recognize die importance of organic adds.: In 
fact, there is a rich literature describing microbial produc- 
tion of organic acids 11:7,20,24.25], including several.suc- 
cessful commertiai bioprbcesses |26-28|. Product toxicity 
is one of the: primary challenges in the development of 
organic add bioprocesses based: on ihe use of platform 
host organisms; such as E, coli. In particular; while E. coli 
is knowh to survive very high" eoncehtrations of adds (pH 
= 2) when passing through ihe-mammaiian stomach, E. 
co/i are surprisingly add sensitive in exponential phase 
when cultured plahlctoni.caHy j29,30), Moreover, undissp- 


dated organic adds, Which pass, freely through:the outer 
and plasma membranes of E. coli |31,32], dissociate upon 
entry into the slightly alkaline cytoplasm releasing pro- 
tons dial lower internal pH (pH r ) and anions that specifi- 
cally inhibit different aspects of metabolism resulting in 
impaired growth |33-35). Tilers and.productiviiies of 50- 
100. g/L and 2-3 g/L- hr are expected for the economical 
manufacturing 'of mosi building block acids by fermenta- 
tion. The pka valuesrange from 3>5 for these organic 
adds, which would result In a pH reduction ip around 2.0 
for' tilers of 50 g/L This highlights a key challenge in the 
metabolic engineering of organic acid production hosts. 
That is, high liters. result in the addidon of protons lo ihe 
culture, which either result in a decreased pH or the addi- 
tion of large volumes of base lilram. At low pH, organic 
acids.are undlssodaced, thus they pass-freely through the 
membrane and inhibit growth. At'high pH, uSe : process is 
less effidjai't due to base mjuiremenu and beca use-export 
ofthe organic acid cannot proceed. by free diffusion alone 
(for a more detailed discussion of organic add export 
IsSues'see Yah lylaris et al |36]). What is'desired, merefore; 
is a platform organism that not only produces high levels 
of.organic acid chemicals but also is tolerant to any assor 
dated toxidty. 
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Many microbes are capable of producing platform chem- 
icals by aerobic and anaerobic fermentation processes 
\22]. L;la'ctic acid has traditionally been produced by lac- 
tic add bacteria. Although many lactic acid bacteria strains 
have been studied extensively ]37], the ability to produce 
optically pure Mactic acid is hampered by the presence of 
both h and D lactate dehydrogenase genes '|38j. Pure L- 
lacdc acid must therefore be produced via. another path- 
way, as ifierracernic.add product.is.not.usefuT.fordown- 
sjieam conversion Into po'lylactic acid; A number of other 
microorganisms have been used for industrial fermema- 
tion of several of the building block organic acids identi- 
fied in Table 1 . Large scale production of amino adds has 
been accomplished in Corymb ntieriumgl'ummicum |3D], 
sued nic add has been produced by Aciinobiicillus succino- 
genes [40], and itaconic acid production has been carried 
out with Aspergillus tonus |41 ]. WKi]e successful, the future 
application of diese organism's as platform hosts is lim- 
ited when compared with E. coll. E, coli is. advantageous as 
a platform host because' it Is the rnpsl well characterized 
model organism, it has Been used iri recombinant proc- 
esses for over 20 years, there are a wide variety of good 
genetic tools, and it is sensitive to many antibiotics used 
in genedciengineering efTorts (42]. Moreover; the comple- 
tion of die E. coli genome sequence has already enabled 
many functional genomics, studies and; proven useful in 
metabolic engineering r efforts 143J. Finally, E. coli grows 
quiddy in minimal media and maintains the ability to 
metabolize both 5 and 6 carbon sugars, which is a specific 
advantage over the use of industrially relevant yeast 
strains. |22]. This mini-review will describe the basic, 
mechanisms underlying organic acid toxicity and I assod- 
ated tolerance pathways in -E coli followed.by a short dis^ 
cussion of several metabolic engineering strategies 
employed for the production of organic aads'lri E. colt." 

Orgonlc AcW Toxicity In ~E. coli 

One of the primary factors contributing to the toxicity of 
organic- adds is their ability lo diffuse across E. coli cellular 
membranes when undissociated as opposed to die 
restricted passage-of.dissod.atcd : prolom and anions (see 
Figure 2) 1 3 1,32];. Diffusion of di'ssbdated "acids is limited 
to secondary transport, which is known to involve H+/ 
monocarboxylic add symportera, However, (he detailed 
mechanism arid specifidtiei of the .transporters remain 
unknown [31], E. coli maintain a cytoplasmic pH (pH ; ■= 
7.5) that is most- often higher than (hat of the external 
media and typically well above the pl(a of organic acids 
1 44,45]. As a result, organic aci'ds exist in the disspdated 
form within the cytoplasm. Thus, diffusing organic adds 
entering into the cytoplasm will dissodate and disrupt the 
pHi and anio'n pool of the Ooplasm, 'flic resulting 
increase in internal addity can affect the integrity of 
purine bases |46) and result in denaturing of essential 


enzymes inside the cell [35], both of which negatively, 
affect cell viability. 

Organic add anions afTectcell growth' in a variety; of man- 
ners. Increased onion concentration has been shown to 
lead to an increased transport of potassium ions into the 
cell,- which. inCTeases'turgpr "pressure [47,48]. To maintain 
a constant turgbr'pressurc and cell volume, glutamate is 
transported out of the ceil. [4ft]: this transport activity 
concomitantly disrupts the osmolality of the cytoplasm, 
which In itim lowers the c.elfjjgipwih potential and. viabil- 
ity. In addition to this general anion effect, lher£:are:'aiso 
effects spedfic to each organic acid. It has been proposed 
thafenzymes Involved in prb.lejn syndesis are sensitive to 
a combination of two unrelated mechanisms, indtiding 
the acidification of pHi and the formation of an. anionic 
pool [35]. Aldiougli this finding implies, that the organic 
inhibition due to : the ; anion ;p"qbl could be acid specific, 
the details describing this dual inhibition mechanism 
remain unclear. Kirkpatrick el al. reported proteins exhib- 
iting increased express ion in response to extracellular ace- 
tate [33]. Among theseare the OppA transporter, R'poS 
regulon, several amino acid uptake proteins, DNA bind- 
ing proteins, and extreme^acid preiplasmic chaperones. 
interestingly, when formate was introduced in place of 
acetate the expression of die previouslymentioned pro- 
teins was repressed, indicating that the response was 
anion specific. Tiiis finding introduces new .challenges In 
addressing organic add, tolerance. Specifically, it "high- 
lights the need to engineer both pH ; and as well as spedfic 
anion tolerance inlo host organisms. 

Finally,, production of organic acids might include inter- 
mediates that are themselves rtoxic. For example, 3- 
hydrtixyprbpionic acid (3HP) is.closely related to the anti^ 
microbial compound Reuleriri. Reuteriri describes the 
hydroxypropionaldehyde (HPA) -system including HPA, 
HPA di'rner, and HPA hydrate. Reuterin is inhibitory to 
several bacteria, indudin*g£, coli, at concentrations as low 
as 0.03-6.05 g/i [49-51-).- It is thought thai the toxicity 
could be the result of inhibition or DNA synthesis [52]. It 
has been" postulated thai. the reactivity of :the aldehyde 
group of HPA causes DNA damage similarly' to formalde- 
hyde, which is : the aldehyde analog of formic add |49]. 
Intermediate toxidly can be managed either by optimiza- 
tion of the production pathway in the host or by engineer- 
ing tolerance to the intermediate itself: 

Orgonlc Acid Tolerance In E. coli 

E. coli has a remarkable ability to remain, viable, under a 
broad range of pH conditions. Ihis ability Is essential for 
its survival in the mammalian. digestive system where pH 
can vary between. pH = 2-8. Several different add toler- 
ance mechanisms have been; identified in E. coli. While 
each mechanism is capable of providing some degree of 
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An overview of organic acid toxicity and:toler-ance mecrranlsms-in £ co/i.. Diffusion of undissociated acid molecules can occur 
freely Ih.acidic medium i but Is limited to transport systems at neutral or basic pH. The toxic effects associated wlch organic 
adds are.the result of. both anion specific affectsron metabolism as. well as.'lficreased. internal proton .concentrations. Affects on 
.Internal pH;are;mitigated by transport of protons but of.the membrane, consumption of protons by decarboxylation reactions, 
arid" more ^generally, induction of stress regu Ions, Anion specific tolerance mechanisms, are not well characteriied. 


tolerance, they are regulated differently and confer varying 
levels of tolerance. 

Although most acid tolernnce/sysiems/are activated in sta- 
tionary r phase, acid tolerance as low as pH = 3 has been 
observeiifi exponential phase E. cofi grown under aerobic 
conditions, which is advantageous from a "productivity 
slandppini |3oj ; Although die underlying tolerance mech- 
anism is not known, sud'uolerance can be reliably acti- 
vated by adap'ting.cells at sublethal pH values between 4.3 
and 5:8 [53]! E, "coli thai exhibit grbwlhphase tolerance 
remain viable at pH values on the same order as stationary 
phase tolerance, however the. percent survival is'signifi- 
cantly lower. Lin eta], reported! % survival of the original 


culture following acid adaption at pH 4.3 followed by 
arid challenge at pH 3.3: compared to 0:0001 Sfc.suryival 
for .unadapted cultures. This is" compared; lb. slatioiiary- 
p.hase cultures, which exl.ijKiied.up to Sp%:suiyivai. ; 

Three: stationary phase add resistance systems. have been 
-studied in the- most detail 1 2.9,-30 1. These,. systems confer 
the highest levels of tolerance and are believed to be 
responsible for sta tionary phase E, coli survival when pass- 
ing through the mammalian sidihadi. Add resistance sys- 
tem 1 (ARlj is'acuvated.in slightly addiornedla (pH 5.5) 
in the absence of extracellularrglucose or amino adds. C. 
coli grown ae'robically under these conditions: retain via- 
bility: under acid chaltengesras low as.pH -,2.5 js^.This 
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system is also referred 10 as die oxidative or glucose- 
repressed system, since die expression of this system is 
thought to be regulated either directly or indirectly by 
RpoS and cy'dic>\MP-recc'pipr'pjotern\(CIW) [55,56], Acid 
resistance' system -2 is activated in E. coli grown in 

aerobic conditions;!!! acidic complex .media. This system 
requires the presence, of extracellular glucose and gluta- 
mate and is dependent -upon genes encoding glutamate 
decarboxylase (gadAB) and a glutainate:GABA antiporter 
{&al'C) |30]. tinder such conditions, E. coli have been 
demonstrated to exhibit addic resistance up lo a pH of 2. 
The mechanism involves die expenditure of excess cyto- 
plasmic protons during amino acid decarboxylation reac- 
tions (see Figure 2), thus raising the internal pH |54,55J. 
Acid resistance system 3 (AR3) parallels- me mechanisms 
of AR2 with several slight deviau'ons 130(54,55). AU3 is 
aaivated under anaerobic conditions, in complex media 
with' added glucose. It also involves amino add decarbox- 
ylation reactions to lower the internal, pH, but. requires 
extracellular arginine in place of glutamate. AR3 also 
requires increased expression of arginine decarboxylase 
and an; "arginine: agmatine antiporter for increased acid 
tolerance, 

Finally, several -general acid tolerance mechanisms that 
regulate die physical properties of" the membrane or the 
effectiveness of ion transport have been identified. These 
active responses, or.those that occur as a result of the cell's 
ability to sense pl-1 changes, are independent of growth, 
and are induced by pH shifts as small as 0.2 pH .uniti.l57-] : . 
The first response Is me- ability of the .microorganism to 
adjust membrane properties, such as lipid content, thus 
effectively changing the proton pehTi.eabiii.ty |57). 
Another cellular response to acid shock is the induction of 
genes.responsible for- repairing and preventing lethal cel- 
lular' damage. Specifically, increased expression of the 
oxyli aiid soxR regulatory genes.has been observed by (ran; 
scripiional profiling of acid tolerant phenor/pes [45,58]. 
Thesesystefns.regulate the removal of damaging oxidizing 
agents, thus preventing rurtfier DMA damage under addic 
stress [46]". Finally, add tolerance can be achieved by. 
adjusting the ionic transporter efficiency, effectively regu- 
lating the anion and cation balance-as a means df main- 
taining a constant internal pH [47). 

Organic Acid Production in E. coli 
Metabolic and genetic engineering, directed .evolution, 
and dassicstrain sdection have all been employed in the 
development of E. coli strains that produce building block 
organic adds, including lactic-adci, siiccmic_add,"and3HP- 
1 17,25,59,G0j, Improved titers have been achieved due to 
optimization of fermentation- conditions^ and relavant 
pathways utilized. However, liter limitations exist when 
fermentation is carried oul in "unbuffered media, which 
allows the pH to acidify due-lo inaeasecl add concentra- 


tion. Alternatively large, amounts- of Base titrani are 
required to raise die pH of the media during the organic 
add production leaving: the final acid ; molecule in the. 
:undissociate"d form. Following production under these, 
conditions, large volumes of 'acid, must be] added to 
recover the add In the protonated form. Metabolic and 
.genetic engineering of add tolerance Into .production 
strains, making fermen tation "at a pH less than the pKa of 
the acid produced possible,: would circumvent, the need 
for the additional consumption of acid and base titrants, 
and thus .lower the overall production cost. Similarly,, 
engineering strain fiuiess to increase productivity at a 
decreased pH would Improve productivity and reduce 
base consumption. 

Lactic add production is oiieof the "most successful exam- 
ples Lo date of the engineering; of large volume chemical 
production In E. coli. E.. coli was selected, as a favorable 
hdst'strain due to its ability to consume both pentose and 
hexose sugars and to generate optically pure L-l'actic add, 
which is the desired produd for downstream polylactic 
add (I'LA) production |61,62], An effective lactic add 
producing strain of E. coli was created by induced expres- 
sion of the Uspecific lactic- acid dehydrogenase (LDH) 
gene from Streptococcus bavis. High titers (50-75 g/I.) were 
observed under controlled pH (pH = 7) and -anaerobic 
conditions. Titers were drastically decreased (10-20 g/L) 
as the p"H was allowed to drop with increasing acid pro-, 
duction |59].. However; allowing the pll to fall below the 
plCa of lactic, add. also resulted in decreased concentration 
of'lhe.add in the undissociated form, which facilitated the 
subsequent isolation of uSe protonated add. Interestingly, 
the choice of, host strain made'; a" significant difference in 
lactic add production 159). Thosexoristructed front an E. 
coli B strain showed a titer of almost twice thai produced 
from K12 derivatives. The- inaeased production was 
attributed primarily to differences in the native growth 
characteristics rather lhan.iiicreased add tolerance. 

Economically competitive tilers of sucdnic add have-also 
been achieved in E coli. Strains were engineered to limit 
flux to otheranaerbbie byproducts normally formed dur- 
ing fermentation [6.0], Spedfically, sucdnic acid. produc- 
tion was optimized by 'redireding the mci.ibolic flux at the 
pyruvate node away from ladate arid formate through 
inactivation of the pyruvateTformaielyase and lactate 
dehydrogenase |60,63]. The maximum yield in sucdnic 
add productiorfwas approximately 50 g/L in pH control- 
led cultures.. However, similar to lactic add studies, suc- 
cinic acid production was.significanUy repressed when pH 
was riot kept at neutral levels. 

A final example of metabolic engineering organic acid 
production in i'E. coli vv^repbneil by Cargiil in 2001 117]. 
Suthers and Cameron engineered a 2-step glyce'rp) to 3HP 
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pathway in E. coli. Glycerol was first converted to 3HPA 
via a glycerol dehydratase enzymefJaViaB Isolated from 
Klebsiella pneumoniae). 3HPA was then convened to 3 HP 
via an aldehyde dehydrogenase (<»W). This first pathway 
was not ideal for several reasons including a very low 
reponed.titer(0.2 g/L),.ihe use.of the more expensive glyc- 
erol as opposed to glucose, arid the generation of the 
highly toxic 3-HPA (reuterin) compound. Selifinovaet al. 
later proposed five additional pathways for the produce 
tipn of 3-HP. directly from glucose in E. cali |30|. Results 
for each of such.pathways have yd to be reported. One 
issue that has yet to be addressed is how to fulfill the 
desire toproduce3-H P at a;pH below the pl<a = 4.5 1 of 3- 
H t'i which would lessen the dependency on large Volumes 
of base tilra.nl to retain neutral pH at high liters. 

Metabolic engineering of.Lvca/i organic acid tolerance rep- 
resents an important future opportunity. As discussed 
above, E. coli possess several systems for surviving pH as 
low as2.0, which ismuch lower than what.is rcquired.for 
ah economical biorefiuiug process. Since induction of 
these systems is well characterized and the relevant genes 
are known in many cases, future.efforts might be better 
focused on the development of multi-stage. fermentations 
that allow for generation of bibmass prior to induction cf 
add tolerance and, ultimately, acid production. Future 
genetic engineering efforts might focus on engineering 
tolerance against -the less well characterized metabolic 
effects' associated with increased organic add anion con, 
centrations. For example, the addition of acetate, berc 
zoate, and.propionate (o culture media at a concentration 
of 8 rfjM h"as been observed to inhibit growth of £ coli tip 
to 50% [35], The acetate inhibition is thought to be 
caused by limited methionine pools combined with 
mcreasing.cpncenirauons of homocysteine, a toxicinter- 
mediate, due to inactivation of n Jcey enzyme in the 
methionine synthesis pathway, which can be countered 
■by die addition of methionine to ihe-medla. This finding 
established thai growth inhihiiiori is the result of both of 
lowered pH and specific anionic effects, which decreases 
the activity of key enzymes. Thus, engineering tolerance to 
spedfic organic acid anion effects by Increased expression 
of inhibited enzymes could aid in increasing overall proc- 
ess productivity. 

Conclusion 

Organic acids are a valuable sector of the Industrial chem- 
ical market, which have already, been successfully pro- 
duced through microbial fermentation. However, product 
titers have been variable, ranging from less than 1 g/L to 
concentrations cost competitive with .current petrochemi-. 
cal production processes. These fermentation processes 
. have been limited in E.culi due to product, and intermedi- 
ate toxicity.. Toxicity is directly measured by growth 'inhi- 
bition, which specifically decreases productivity. This 


review highlighted whatis known about organic-acid tox- 
icity and tolerance mechanisms, in E. coli. Spetificaily, £. 
coli arc growth inhibited by the increase in both proton 
arid associated anion »ncehtraiions that are characteristic 
of organic-acid production processes. While several arid- 
tolerance mechanisms have been characterized In E. cofi, 
anion specific mechanisms; require, additional study. 
Thus, future metabolic engineering efforts that seek to 
improve understanding.of theselssues within the context 
of organi.e^acid biorcfining applications should prove 
useful. 
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therefore, may be used as a vehicle to aeirrmaisier direct-feel 
mictaabieds to poibtr) .i»d other animals \Vh«;» used for this 
purpose, the high moisture staid should contain sufficient 
colony forming units of taw yeast or bacterium to be of 
f«nt.M' k i ml I it tl i h i t in h I toed 

as a dfou:t fed ma.robial shuttid contain a! least about UP, 
preferably about iby and more preferably about '!;»" colony 
fssrrm'tig unit* of bacteria or at least about tO, preferably 
about Kb. and more pisocraldy about Kb colony fornahyg 


sola;. 


Uibbo 


wheal.; 


and feshoii. 

Te> enable bst.chti.ugs to more ccftWtivety utilize- any fats 
which may be pieseut in the high mossuire solid en te> enable 
th. hitebuii , ilk-based lipid 

and protein, the high moisture solid may contain bile *.aits» 
c hoi esse rob sau iactauls. emulsify- ing agents, micelles, ou an 
cmrtyme saeb to, lipase, amylase, maltsse. pepMa,tryp$ia«©t 
othet ti, - iTit v! id -. a t u!\ ever m ihe gas v ial 
system, or an enzyme such as kit ttnn. watch is jru 
gssiroitaltestinslsysitin taut whma has 
;<wjcentf3tk»n of the digestion aid will 
ealfon bus, in genera), will be between 
tt 5b;- by weight of the dry matter. 


t>|Ht!l ■ 1 1 

ol-ut bib 

The high r 
otitis ;t»d naiti 
example, frtn 


«>lid n 


mialie 


. and K. Mineral additives may be 
ale. trcm calcium, phosphorous, 
us! stKisum. copper, 

esc a ad cbroamia; pineofinatc. The a 
tasviins and minerals well depend upon 
general, will be between about ().«■ <;»• 


, Of } 


ast get 


The < 


,rpo; 


F) 


a high 
sited oi 


.. solid after it has solidified. Although the high 
moisture solid may be ted ai anyt ime ie> alter the gastrointes- 
tinal n u II i i a it provide, oihet ene its t 
: the annual it ■ o.-b.'-hkdi \uho,s,.s,t i-p.s.jb.t 
after hatching to establish th-.: direct heel microorganism as 
t sstrc otestmal tract ansl 

thereby exeb.uie potential pathogens. 
3 The high moisture solid may additionally be used as a 
vchsck to deliver a variety of other $ub«4aoc«. to poultry atxi 
other animals. For example, ihe high moisture solid may 
eo-ttt.titi a peptide such its epidermal growth factor, trans- 
forming growth lactam granulocyte-macrophage colony 
5 stimulating factor, erythropoietin, bombesin, fibroblast 
growth factor, kcratinocyte growth factor, nerve growth 
factor, vax.idar andoiheha; growth ideita, bovine or other 
sotnafotropit; or iiisntiit-fikv growth factor (IGh-1 ot Kd'-1B, 
The high nwismrc solid may also eaantairt a steroid or 
■' polypeptide horatonc such as. estrogen, t 


■siliin. ginea 


The 


«>1, BHT (batylat 


ed tt 


T, ha- 


:■ pre 


betxsftts sneh as aheriitg the gasirorotestinat micodleira; 
mierobiota of poatltry am! othi.r anmofts Those microbial 

nHttttstvo.il i s kiii e<t i ts s. r > el n 

the i ma IK.dVlj.scn cm urn \ tbl shed ht fb* 
M I.Ua hb i.sh ny < rati} \ (Mu set itha Min.ti } i.i s>s>j 
erstiew with The Animal fh.ahh bwihui, and toe Dixe«-fed 
M ui 1 d ) u ' uj e i. t'u t put 

tishcd t>v d'hc Miller fbibli'sbing Caampemy Among ihe 
dii-eet-ted rriien.bials which h 


rept.ir 


-oa, pie- 


role asc- 


ot either moactive cojBpvitirstl.a; an. imtimnoactive agetii such 
as iinr.iriitjOgiotautitl.s, cytokines, ai.ifigens, biticd cells, 
tfteni feci strait oxius IjuvanUorva cines; ot a palat- 
| i k is i „ f x 1 i, „ mil eo Kr shidb 

ssh e- t - i Ci it is lb . nieeilit itton it M> sv a 1 it \es 
will depend upon the application but, in general, will be 
between about o.TT and about KM- by weight of the dry 
asstter. 


a La 


CllhO 


een approved arc strains ■: 




rlv those ciassifict! in ihe 


la,l-i rnol 


aetoeoee us and Lniero- 


itfl :fu 


tf:a i It ss ng sp j - 

prole u t's , ) ^iifsalo.ti n.- 1 >b , ) a 


- idMwdiipe-n 

i i > i ! 

the weight oi o, v a { i u i r , u , 

m oi th 

e high moisture 

lantarttm, lactolmcilhis i 

, f so d H J i >ts s, j Is o ng i 


teal profile atay 

c«.t.y l( K fi% Lactococcm 

be prepared, tor example, from the 


ring iagredintjis 

kvtki. and Entemioixm 

mix (based upon tire weight of the it 

hd^i 
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which accoropat 
levels of pa nova 
hiSiucno of Age 


digestion imMh increased 
isial enzyioes f Kregdabl et a;.. 


Poultry > 


Hieti moisture .vm.. 
-P , 3h „ mm,, 

m/c.) aiid'gmsiT 
maintaining die km; 
perjure fee at least ■ 

dm i ,1- ti 

a poultry starts 


■ is I her. 


Oil'IC: 


sture solid >it»y be prepared 
iittla.twn. 1 hose formulations 

uulriuils Ihc v - mi j j) of 

Hie pusuil .mulu n t . im-. - j tuj -i' , uls by 
weighs starlet feed and dx>sts 70 pans by weight water. 


profile bete 

fat. about 3 
sarbobydre 


furthermore, li isbelicYcO that 
ill 1 i ( upon 1 ii'HU i sciaeirv 
less, available (a, p,e halcfiling v. 


of fbghaa ahgesijhilhy at (hi 
kins. Alternative!?, (be tligje 
improved with additions to i 
lumtul to. eii/ayru^, Kk 
overall performance rosy b< 


wife i 


growth proaiofams, hormones, pmi.sbdanbis.rs such as B, or ; 
<»th i k s^iJi ; m b , , - ** ' '. s uuyme 

activity, nutrient ahaojpijon e« maturation of the gastrointes- 
tinal system as a whole. 

til ^llll l hlj \ is itlll pi M I > O - 9 1. tl I !< h, 


rai Ik 


nlim 


>t Diet ( mi, t ; 


Dotstmi and Hi l m the h iitu « h v.k. eotdiry 

■i Science Vol. 74, pp. 366-373 (W>$)% overall gut surface 
i i i) lis tl c t f b I (i i 

of the Dtgeslivc O „ u- ut Some I i/s ]\s m fhedcr 
< f tchc Aftei Hafcl t Utrv Science, Vol 32. p > 

5(4 52*i ^ St, Nu me! ,1 Oiii.f.C. i.vl- nbim m, 

< Eitttyroe Levels to I-'iittets Days of Age its lines of Chickens 


na\; 


tal Pa: 


> VP 


>. Tarka y 


.mopmem r 


h-Bordor 


J f'bv 


RnekSiftgton c 


as {Shchata et al.. 
lexo,e i nms.pori 
srsiol. Vol. 240, pp. 

c Devel- 
opment oi In ti i if Nutrient titn| iters Vmin Rev. 
; Physio]., Vol. 5L f .m. bOf-blP ib'bb); More, to al al., Trans- 
port of L-Pndinc .aiti ivMcthyl-U-Glucosicfc by Chicken 
lr it t nittti u tit f t i \ni t fin i I v I 
^ n mp • t - < < < ' » fb ..al i tn vol f the 
presetH invention ceonfd >. imm> '» o; exclude poody used 
i ingredients and substitute more highly available ingredients 


i aa 


ia,l; : 


a vbu! „ 


aba. be 


qukJch becoau. Jeaibea dike ,,r very bard upon Jehydrattioa, 
m«s mtikiog it ditfieid; for the haieMiti&s to coasumc the 
Mtfid. VlaSanala such as Steety i>.ross;sd corn, motiified com 


h\di t pot !u\ p; II [ t i i I t t I i r c ■ 


■ante protein sources sucft aa ;>y-pruditci 
meats or vegatiddt: prote.ars might be fed in combinatioti 

- I'Ot X Ik ICe^ tl (v \1V , 1 t 1 >. If ii 

hydrates sk.1i as L »hi (nay b. rf rvn ha I. a i avaoat-htv. a 


retenfion ; 
in the fiatiriitiiitltra sticking 
tijerefore, the high mois 
ahsaut W~4tm be weight 


4-48 hr.}, but may result 
o the bird, for tins environment., 
irr sohb {iteieiabb compriaes 
rlsy fnatser with the (fry matter 
d protein meak and a <••« t 


such a 


!>b 


y be 


■r highly a 


vitl) e 


1 _1 (he id tl I 1. 1,1^' 

a or additives or haodho 


: add! 


te tiling! 


r qu. 


naked ii 


s,} a 


• chick ttaasit hoses 


1 i k l. n i ry yenitig bii Is 

The ingrcdiCKts vaaifd he ;id:inms:tf<d in a high moisture 

s,n 1 s „1 ■ sol i (o to 

In addition, it has [seen demtmst r.aed tbsf the gasttoiotes- 
ttnal systeiti of young birds is not abk to ass certain 
iogredfeotssuch as tftllow with the same efficiency as mature 
birds (fhcih-c et al , Factofs Afkcting ihc Alrsori.'abiiity of 
Certain Dietary Fats in the • hub, J bbtirhem. Voi. Hi, sp 
447-452 (I960); Gfune/ et ah, The Use of Bile Salts to 


ticstlarH' daring the first 34 hots r s after Pitching. Tbi* 
ci i in 'an laidrty, l.fover arr fii hi p tet 
ptqnrtatkm tteusily can restitt m mortality if the hirtte are 
wetted" by the high moisture solid For this envirotwneta, 
5 tbisretaare. ifje high. moisture isdid (..jjiipriscs about 30 to 40% 
by weight dry matter with the dry matter cooipnsmg a gum 


Chid 


. bat 


„ Ova; 


: 3 far 


Age. I'Vv 


ofSnppSernwr 
oh <j5,V S46- 
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thorn 50 graais of ! hick per da; 

should be provided to 4 to ? day old chicks. 

As previously noted, chicte convcRtionatly ate placed 
on; farm it i i 1 iis ys >t 
hatching, dibs practice has developed, in part, out of the fact ■ 
that ha-cheo, ivp.ioai.ly do n-n provide food or water so the- 
!uulihu_ hi Jin v.i 1 nti t ddi oiw uo> so, 
t id a i! ll t f t iti 1 to, a 3 days ' .K they s t ki 
Because the compusuion of trie high moisture- solids of the 
present invention can he complied to moot the changing t 
nutritional rocpert merits of the haiehJings as they mature-, it 
may become practical >r i ikh i - to delay cndi )0 chicks 
to poultry p> tduc ion Ia> e-js i t iott «kJ oi 


with** 
prov; 


of die dilhcrdiies 


fed with 
chicks. Thus, for 


10 


From fable 2 it appears i.b . 1 , . ■ istare solid con- 
u Jt 2^ dts m c i. »i tlie he st v i ml tw > i tik 
feeding cither 24 or 48 br. it should fx; tK)ted, however, that 
ail high moisture. ^>iids showed cumulativo gain superior to 
the toted u.nfiok. When ct;oisd.mvi, Iced etlKL.ivv. w », 
corrected for differences or body weight (B% FTG), the 
25% dry matter high moisture solid again was superior to the 
others whether fed for 24 or -\H ho Cumulative feed intake 
Miiisegiictii So hi 4k > n 111 ■ t period was hiehcr when 
birds were- given high moisture s»dsds than when they wtae 
taMtsit. This so he case for i a iti > ..i illuming 20, 50 
oi- iV cS;y matter, i «ni to i tone djt i suggest thtt 

the to -h oe ismo < ds tmtiorag a peafer pctcenttigi oi 
<ity matter are associated with lower livability than the 
lasted control or 25w city matter fonxiuhittoiis 

TABLE 2 


Sard potsftry pre 
the poultry pro* 
r houses without; 


s: slopped from the baichei :: 
they could be ltd the high 
jut 7 days and then shipped 
iort ferat. iiitber approach 
mi farms to more efiieienfiv 
teasing the hatchers wash ;) 


feeding the natchtings water and dry food. 

Phe ndlsawiog examples will dies-rate the nave nam). 

LXA.MPLS. 1 

The [if ifonnsnee of 1 to 4 p a y old birds, etc. buds which 
v. k >o <- h t 1 do < d it 1 i i i ■ it i i d v > 
the st o e t 1 i s is n, i, i < h b n 1 n„ ,J ol 
led high moisture solids, coascstittg of agar {1.5% agar and 
'S. 5 p eight water) ot ml oik (1.5 i n , 
iOvi egg voile and <Sfs.S'Vt by eoogh; water) were compared 
to fasted and water deori.ser! birds. The results are poisoned 
in tibk J H.i K ul. If, .o-i h n 1 t edjo , mi., 
and agar alone eave no benefit In o n .. - suiative gain. or 
cumulative fecd-fo-gat!) ratio ("PIT."}. Agar plus yoik 
showi d > eiiec: e« e nni iaiivc gain on day.. < imi !2 bit! 
cumulative foett- tti -gaoi ran-,- isoiuteiimea referred to herein 
as em tititi , t< 2 b j i . i wjs j m ihsa for fasted 
birds. Pfie data also suggest that hydration atone (agar 
treatment! with or wi-bon- yo-k conferred or. euninhitive 
iced ellieiencv ireneiil it; this study. CtnvufisUve livabihiy 
was improwd hy feeding eitttei waief-conovining i'oiatn.fta- 


f o.iaetti...:- h 

thy 3*t*tt«f 2><5- 
f-'-l-enati-si -k'. il 
Oi.- Mailt:- -ess-. 


s 

i.aiis «ift3 g 

1.32* »s s m% 


EXAMPLE 3 

1ft this example, gtottps of one to tour day old bitd.s were 
ven20geacl fa hi tui lotto tin gelatin 
and Ahmet:? f 2 -hydrsxy- -1 -(irnohyiibe nhmamde acid) base 
with adtiiiitms of either corn si a; eh or eot n starch and lysine-. 
Hie dry sua iter , -f tb, h jh m i-m e -oh l « ^ but 

5% and the ar.nomn of each ot the dry matter constituents, 
huso.; upon the weight of die high moisture solid ior each 
formulation, was as indicated in Tabic 3. The formulation 
containing oo i S m~ 


iABL.h: 1 



EXAMPLE 2 

fn this esatatple, groups otbuie k» tourday oki birds were 

fed k I 24 Ot -if. I is Siill-a of 

onto ksl tt U' ter IV - Atl ;i o ou'l )s 
lure solid for each bird So ct.nsuKtt: .10 g. Jhz feed was 
present at either 22g 50 o- i'Ki'-b of the higln moisture solid. 


lativi p i vah y superior to lb isied control and 
the. o^i \vr . 'i lati - I eatmeuss tnd 3 3.1s shi cl 
superior cumulative feed intake when compared with the 
fasted cotitrctl, tout the Ibnrtuhntons tctitkd to liquify at die 
m fi ie 1 ft perali re ivo d d cause ] t 
iog and iraasit txoces. 
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old birds wete fed tconuhmotia 
d prftfcin adr.i;;);sler..:d\vs;b and 
■t in the die-estate; of :1k. fa;. Ail 
March, Attract, lysine and {he 

at aid .1:1 OilC l.,l'SC,pfO!.:.i[.tsr:dfel! 

he form of yoik scnuis. ia thv 


0 P« 


■ high 


t sain apjsciued to mctea-sc it> the presence oS water anil die 

HM i 1. fei \1, n, ,, [«, K r ., ,; u ] v t vim CviKltt -HI sh- 

own and to ojnmswc this; effect titoce tiatrieats should be 
added to ihc i.ttth moisture sAld. 

! lAIHJi 5 


i for 


:: 4 iridic 


gams and cumulative Iced cfcc tides were observed in ail 
lormttLtto > i S did tm appear to be enhance , 

the i i 1 ibih 4 these camples fat cou ees. Slip toi t;b 
uiiuiiai nl oms h i iC v 1!, - 4 s . , 
absence c4 mWiUou 1 h: k it should be imtecf in-i i .1 v i, 

also used in Example 1, bus bad response was. ;tot evident 
in ttte absence of a source of carbohydrates, bile salts, a 
littatucaiiie source and '■deled As ino 


EXAMPLE 6 
This example, shows the respotis-v. o; one to foarda;. 
natehiinsrs hi casein, en pnrc we* ly/ed isejj md c.a 


(i fe; aga.; 
robta .1 a 
tobi d mclad- 


poxlecn. Although the 


fid s 


- Wlt.il 


xth.n 


5 as indicated ia ids, fj. in treatment \ O.oA 
>siti (based upon the weight of the high moisture .solid) 
s added ■<■■ the formulation and in treatment 4, a microbe 
k:h secretes a proteolytic enzyme was added. All formu- 
la i» ntitu is - i ^ v ^ i ml t v> gain, eumu- 
ve feed efficiency and Nvairiiity when compared to the 
tedeomroi. 
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EXAMPLE 7 

So rhis ectopic, zero to two day old birds were Jet: a 
.tArintilatiotis coristsiimz o! .HA drv toaster in the form of 
coo) starch (2.5 i (2.5^) t baMsd 

upon Ac » c\i - A hu'i u-'iMutv v>lii Birds were 
treated ft>r 24, 4« or 72 tew,, so test the possibi.hiy of! 
tresting birds over the total piepAeeanerit period «t" approxo 
rrisicly 2 ikys in the hatching ineutwtor and 1 in tiartsit 
Ail AnmdaUert treated birds showed cumulative ecu supe- 
rior to bird's tasted for »n eou.i.valem. period Ei! aMtioti, the 
birds treated wtth fonts tdatioo for 24 and 48 hours aistt 
showed siipcrue cutnahoive teed efficiencies, f'hc response r 
appeared in decline m the 72 hour time pone, ft appeals from 
these data that 10% dty tnalkr is suaticieilt to improve 
pofibrratmce of ywng bird*, wet a 2 day period, pie that a 
higher rrmceriitad.ai ol imsritfta.s may W recguiml by die 
third thy. If should ;>e noted the.il fiat each iiaic period, 2 
livtAtfity of toremhtltort ted birds was superior to lasted 
controls. 


■4-lid o 


lade : 


■Aieeim il)e poniirv is placed it) 
. a pee liry Arm and the high 

ihie 1 - tt.. [ l.ettM t,ii . . JIMIltip 

ice; the poultry m the container, 
eehermr, the high moisture Soft,! 


In view of: the thieve, it will j>e scesi thai the several 
ohjecK of the irrveeitoti at achieved. 

As various changes could he made in die sAovc compo- 
sitions i id i o,.ss os t u tt vparitt e. It irs \[- s^ p .1 
the invention, it is imerieieA that ail matter contained hi the t 
aAave description be interpmred as di est. rat Ac and not it: a 
limiting sense. 

1 \ < o -s i nil, vii != , i i Ik ifth it 1 ii v i i tl t 
five weight gait), or feed cotiversioneiiteicrtcv of ■ > nit A ;■ 
pr vess o'liipirsitig making avititaWe jA: cotsusrjmon ad 
Itl t u t t high i lotstt e solid in A >u tu before tfie 


hem ad Irbitwn pnt 

4 Ivn ,vs<. 
is made >\ tl H >thi poidtt ti he high mo me 
sit! Id the 

poultry ail hatch. then.} - tl t the h At tn risturc > ! si 

is o.i A 1 ti thai t poit ha! di te. 

5 i :e p s I lit 1 Ai ti t e high o nature solid 
contains at least adorn M)A by weigh! wafer. 

6. The process of claim I wherein the high moisture solid 
lacks i.he complete miiniioiiaf rerunee-merits of poirltrv which 
is netwcetAi arm if) davs oSAtat'eteiie. 

- ! stilt s ft 

attd between abotii 2> [ < and about in weight Urv roatiet 

web the cariiohvdtatc comprising at least ahon: SirA hy 
wtieht oi the drv master. 
S Afitfi process of claim 7 wherein: 

tit e i in he tt e rs s< iect rott; ttte g ig o.i 

eortt m n. t when si m h modified . . oi a ..di 3 gum. 
wtitfic, ground, eraekti!. mtiietL roS.ttti, extruiled, 
pelietet.1, defatted, dehydrated, st.Jvenl cKtractwj. or 
oittct prt;ce.«ed tortti of torn or whe; 
fheteof; aiui 

lite amino acid source is selected from the group i, 
utg of irte-ihiowrua tryptophan, threonine, ar 


Ittiiojhn 


ad. 


pis 


white, 


thereof. 
9. Hie pwiccss. ol 
ifl.The (jrooess ol 
aiMitiotiiiih' cr?;»3iii! 
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dices 


-rt»aa^J»jacii», art 
, yeast, baoerk, 
i imaiiijioaetive 


agent, or a growth promoter. 

U Nil. piU.tS5.l- Cl. [1 1 St Ul Is 11 il [ US .lit St)}t< ■ 

v>n.pn-.v. si jeam h-m: SO .< h n\ h f msm ins- Ii.mii 
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;: 1 V. 


■e solid 


16 


bntatioic acid, srum proic ins., casein, soybean meal, 
1 vh tit i tuxr meal g.. - * iu m . ik e , - > i i i 

shell- 1 iXiliies k I 

21 I i !' >< ■.! in 2«. in [ i the li in is jiun 

22 Jk pi >eess o |»im 16. whmio tte in h . o* it« 
solid is made available to the poult,? by pbtcmg the high 
i i sit rs - i f i it it i ppitism it iut i 

23 \pr.s.os ( x.hih. to tin! ^ uinni 
iaitv,; weisjhl earn, or feed conversion et't.cie.iov ofpoultrv 

e t l { J ss t, MhliU tilt 


I) of the cm 1- i i i' • .o giaC ■ oi h gh 


14 Uk process,;.! v! n.i .5 wh.wi; tie. htgh ■ mi nm solto 
comprises at Jcasi about 50' «>k«iy hirming units oi a 
nnei >s < i -ui i.- the fesnws Baulk- per gram of high 

SS/Nit puce xs ot etna 1 h.i.i-eii s.ci ii m s h ., 


solid along wit: 

16 V t ION 

ihcpiaiexosairnprismgt: 
lifnliim a high moisten 


wherein 
24 The 


pmdsry e 


11 ,h l: 


S dtw h,. 


i;ei c- 


■ high moisture solid containing 
K-e by weight water atid between 
dry matte; based up. u (be a right 

tsmiains a initiative carbohydrate 
sreirce odecled from the group 
. complex protein seances, amino 
tnirso acids, and analogs of. amino 

xlfhoiiVilraSt constitutes ai leas! 
of the dry matter, 
n id further comprising lxrii.h;;\g 
ml shipping iln h n,t:hom lo a 
>e solid 

s been 


acids, and 

iboiil t(>r( bv v 
17. I-., process ot 
Hie polllKV til < f iiv Us 
remote: iucalittri lobe 

is made available i.o the p. i in after the poultry ha: 

shipped to ;be remote location. 

18 The. process of claim 16 wherein the high moisiurr; 
so.Hcl is, made avmlabfe to Urn poultry by pi-icing the high 
moisture sr. lie- to an mcuhaior along with the eggs ftroro 
wh:ch the jioihlry wit! hatch thereby maghig inn high 


so! id i- i. i it I t!i e' i „ s t ,i i, 

/ml i ...KM I .!... t 23 nam, . Hi bhdt nt» 
aofid is matin available i;, the byichlmgs within thu 
days after hatching, 

2<u Titc process, ot chmn 23 .vhcrem She high n 
solid ooniaieis between about 500:- ;i(R j a p ou; 750;, }„. xv - 1 p„) lt 
. water and between tl oti 2 and > (.1 S(l'o i -, weigig dry 
mstwr with ihe caiix'hydri'W comprising a! least about 50% 
by weight of the dry iiiatier 

27. The process oi claim 2t> wherein; 

da shivJi « decfed 1 
5 corn stiueh. wheat starch, modified com starch, a gen), 
whoim ground, erached, nniieet, re i feet, extruded, 

pdletcd dtd'attvii iieiiychaieih solvent eOitracied, 01 
other processed form of eons or wh.cai, and mixtures 
thereof; and 

) ;h:: ammo at. id s;>urce is selected from iiie group eoo.si.st - 
fug eh methionine, tryptophan, ihreauiineg ar0riine, 
--.1 idvedoixv ,011 hyfthio)bii noie acid isaite.f 
2-hydfoxy.-4-(iui;ihv|ifjio)istitai5oic acid, serum 
proteins, casein, soybean meal, hshmeal, meat itics). 


SvfltC. 


sohd 


ailsbfe to the potslir 
0!: ciaitt) .16 wher 


then 


igii n 


ooyh; t. 


nit 50'ie by weight dry matter, the dry « 
iswsm &hota 15% attd about peps | )y 

esof artiitw aetd-, 1 xn 1 - t ml 11 
odi 1. Kt. ^ mi il ' 1 

claim 19 evbetv.in. 

si. ton tiit _ 11 otitis Ingot 
m starch, modiftml coo: starch, a gum, 

cracked, milled, rolled, extruded, 
d. dehvdramd. solvent cxtracied, or ,1 


soiid addatiex 


•gs without shells 

2? wherein the j 
23 whereifl itrc 

;!oi, a peptide, 


pnastaglandiit, an antibk: 
a bili moddier, 3 digestion if tit u imi 
age tff, or a growth p«»i«>!er. 

30. fhc process of shoot 23 whefcirt file high 
solid comprises at leas! about Ur colony formmg itn 

1 t.i< ot at t - tlx if 10 al in urn mui of 
per gram of h.igh tnoi.suno solid. 

31. The pfoctxss of chum 23. wherein the high moi 
sotiel comprise:-, al leesi aixiui ii.r eolony loinmtg unit: 


: lactic 


32. The 


id b;,< 


etaii 


tl the high tl 


ids ate selected 
liac, trypkjphatt. t 
v-4-(m>;tf;y}ihto) 
f-4-(ttiethy!titio) 


x solid aluirg wifh ilic poultry 
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wess of claim 41 whereto: 

oirasc is selected bom the group 

d», wheat statcb, modified com si arch, a gum.. 

ground cracked, miifed, roiled, extruded, 
defatted, dehydrated st>h*cui extracted, m 
t li t v ' of s t uf n 

and 


ryptophan, 


roup consist- 


i )> (iran miM-llkM isf u 0" eidetg 
units of the bacteria per gram of the trigi; 


3d. The process of claim 34 wherein the high moisture 
-. j.l u m} ess 1. d i 0 1 \ 1 j-n > m lis , t i 
roteo.wg.inism of the genus Lactobacillus pa gran- of high 


37. The process of claim 34 win rein flic high i 

„ Ill el Uip IV Ml !. ( il' - 1 id . 1 - U 1 . ; 1 IH IM I I 

. i iii 1 1 in minis Pi iUi.n jKi of high ^ 


whoSe. ground, cracked, milled, roiled. ;ocin:ded. . 
pelleted, defatted, dehydrated, solvewl extracted, or 
other processed hum il a-in <>r wheal, and mixtures 


ysin MiytlitJxy-Hmt to i t ' 1 > »vid i sail of 
2-bydfosy-4-(t»S}th>'it{}io)i>tit»»<)ic acid, serum 
proteins., casein, soybean ttml. fishmeal, meat meal, 
ejs; ^liilt. (.>.; nk -.etc en! out shells, and midiiies 
tberet-f- 

45 ilic l cs f chuni 44 whciciii she s.uo-1 >s ateiti- 
4d i> e j u\ i J i 41 \ i i h 1. . insure 
solid i.s [■sude available to the potboy by placing the high 
fo.usturc solid along, with (.he poultry in a shipping comauur. 
47 S 

•' fa live 'wight go t,o, f cd e nu sjoq ci< cieivs <>t putt try 
the process comprising making available for consumpiion ad 
libitum to toe poultry before the pouhry is allowed ic. eai dry 
kind ad itbiium a high moisture solid eomatoicg: 
between about mi, and ahum 95% by weight water and 
between about iSvi'. ami abotn 505 by wei<tot dry roaster, 

based on die weight of die high moisture solid, 
wherein die dry mailer contains between about 1« and 
about ei{)' by weight cathnhcb; ate, up to a bom 7(f , by 
wesght (tiiiitio acids, precursor or analogues of amino 
acids, complex protein sources, or proteins, and up to 
- K. tit t Ins on be v>et b , I he do 

matter. 

48. '{"he process of claim 47, wherein the high moisture 


so! id 


it 50'c ■■net about 05'c by weight water and 


sec veils, e.e.es without .c.clk. and iiiiicte-cs theised' 
M dbe process of claim 38 wherein the cent is alei.n. „ 

40 f hi pro. ee if e.l din 34 . h< u n tlx i to ax is tn 
solid is made available to the poultry by placing the high 
mr-tiiu jiiJ along with Ibc hi i\ m a shipping container. 

41 A process for hatching poultry eggs, comprising; 

(a) placing a set of poultry eggs in at! mcubah.ii- until the 
poultry hatches from the eggs, 

(b) placing the iiatchirags m a contains.- for shipment to a 
remotelexiatioii.il, 

(e) shipping the hatchfangs in tiic container to a remote 

ill making available s eofistmtpium i t> i t i a high 
moisture sniki toihe icitchiings before they are shipped 
to ihe remote location and before they arc allowed to 
tat dry food, 

lie 1 m 1 1 -ttJU - 1 d e« It HO I _ • sell lb did.)' Si 
ok -Mi t n , ^ht v. ilei i all i Orel il «! 10 
iiio ,hou! "tr ■ U i ■ t( i b -,d j ; . bit • ,.J ( l of 
the higb moisture solid, 
wherein the Orv matter contains ;d ieasi about u>% by 


oil 0 


oi tl 


i higi- 


[nib 


wherein the drv > u r u n m V ui o»il so' and 
0 I \ ik i u I it mt 

sO'C be Weight amino aesds, [ I >s n> >„i , «1 

.'itniriO aeais, complex protein some.es oi pi oleics, and 
amiui (I'd. In akiiit itl'li. by weight hi. based on the 
weight of the dry matter. 

49. The process oi claim 47, whemm the high moisvmc 
solid amtaias: 

between nbou! ( "' and about 7S% bv weight walcr acd 
■ xdvcten aboil! 15% and abosit bs'C by Weight dry 


o ba^.d 


(eight 


ighi 


a and n 
based 


42. The nroces. oi t 
solid ,s m,.dc ,,s ,;!a >!■ 
1 > tt f slap 

43dIbe B rocessotd 
(d) aire no more toatt 5 


n 41 wherein the i 
ae hatchlings prior 


carbohydrate, between about Is'o to about 50w by 
wcigiti ammo acids, precursors or analogues of amino 
acids, compica protein sources or proiciiis. and about 
(> to ibi in s' n v o.ogbi to I .^doiPk twtdil .il 

the dry matter. 
5«. llie process of claim 49 whereto: 
b boh i e is scfected b , the group coasistiog of 

W It 1 St ,0 ) SS ^11 Si If ! 1 Ml L ) ^ II I 

whoie, giouixf, cracked, miffed, rolled, extruded, 
pelleted defatted, dehydrated, se>3vetit exttaetcd, or 
other processed form of corn ot wfeeat, and 
(hereof; and 


pladog ifse 
,a the batdtougsof step 


5,928,686 
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buiartrjic acid, a sail of *'-f!ydfo:<y-4-(.mcthyif:hio) 
buiunoic acid, serum proteins, casein, aogfecjut meal, 
flshmcai near me a t w i c > „ - ! ego t . u 

shell- i id llUVl i.s pi, ,t«i 

5.1. The. process of cbto 50 wherein she gum is algia. : 
52 The process of claim 47, wherein xhc higb moisreri: 
solid contains: 

between aboui bfoi and about "'5 r -i. by weighs, water ant! 
ItsW'i, abi nf 'I-'-'' ami ^ ss by weigh! dry 
o. I hi i b weigh; «i She high i ^tmt M) fid, < 
wiserein she dry matter contains about bftfo by weight 
.. 1 i\ !r le h u -a by weigh! protein or complex 
bow y;<- i>y weigh; fag based o« 


betwaii) about 50% and aboui 95'; 
and 

U» < I lit h W ■><> 1 

hew,, o ih wt -lu of tli higi 

ami b si ft by weight, v ib ill 
~ h w weight mum aeads. piect 


Bp ; 


: she 


ri 47. i 


whu 


tiau-ki fader, a iIkwi i a complexing eg, m, a paiatahi.lby 
iin> ii . i i i ■ si , ii i,j a 'tug i ai 1MB. k.hi agwm, 
a rlireci fed microbial, aa enzyme co-factor, a peptide, a ■ 
hormone, a prostagkufoiri, a.a aniibioiic. a natural or syn- 
thetic antioxidant, and a or, will promoles'. 

54. 'Hit process olteabjiir: 47 vvhorcm the noiiitiw arc within 


5<>. fee proeew. of churn 5* wherein 'h J. , m t 
solid ■ddaioiob contains a component elected from the 
group consisting of a vitamin, a mineral, an enzyme 
co-factor, a peptide, a hormone, a prostaglandin, an 
t in., til! - mhetk irt ■ ki a, ■ wrterium. a 


wherein the hatehfmgs arc fed 
o being placed in the shipping 


Of) a, 


claim 5$ wherein hie hatehhngs of step 


5 die, 


; hatch 


?.'lhtprootisso;'chilrr : 47 wherein the noiiinv aw wbihin ;: ' 
.> days after hatching. 

56. The process of ch. an 47 wherein the goninv areevifhin 
2 days after hatching. 

57. tlie pnteess of claim 47 wherein (he high moisture 
soiid is mad fable to she { nil y 1 piaewtg the ingl 
iini,smr. mi,h along with the poultry i a shipping tool , ■ 

5ti. .A i 

(a) pkcmg a set of poultry eggs in an incubator until the 
poultry hutches from the eggs, % . 

(b) placing the hatehUngs in a container for shipment to a 
remote locafion, 

(,.1 s it ip I „ lb 1 11 li W lit t e i 1 111 el 1 u in I 

iociiiion, and 

(d) making available for consumption ad iibiuim to ;he 
in'ilii i remtite loca- 

lioci and before they aw foe! dry food a b:g.h moisture 
sofid containing. 


d2. The process e,f claim 58 wherein; 
the. carhohyd te is sek-Ucd U tb group consisting ol 

«JfO Starch, wheat swieb, modified u>ro starch, a gum. 
whole, ground, cracked, united, roiled, extruded, 
pelleted, defatted, dehydrated, solvent extracted, or 

other processed harft of corn or wheat, and mixtures 


; and 


■he a 


■ acds, 


tfie Sgfi 


fgidine, lysine, 2-hydr-ixy--t.(tiKrtlwllhi->) 
biitanoic acid, a sais rtf 2-hydt.)\y-4-(i»ctbylibio) 
butaoofc acid, strum proteins,, casern, soybean meal, 
bshmeal. meat mc:n, egg whin egg -oil eggs without 
shells, arid mixtures thereof. 

63. The process of claim 62 wherein tite girm is a.igin. 

64. She process of etalr.n 5S wherein the !)igh moisture 
soiid is made awaiiabk to the pouiirv by piecing the tiigh 

solid along with the poultry in a shipping container. 


